PHOTOGRAPHS

WRITTEN HISTORICAL AND DESCRIPTIVE DATA

Historic American Engineering Record
National Park Service
Western Region
Department of Interior
San Francisco, California 94102




Mormon Flat Dam
HAER No. AZ-14 (Page 4)
Index to Photographs

AZ-14-30 Staircase leading to spillway operating deck.
Photographer Mark Durben, 1988.
Source: Salt River Project.

AZ-14-31 Spillway operating motors looking south.
Inscription on equipment reads, "U.S.B.R. 1937."%
Photographer Mark Durben, 1988.

Source: Salt River Project.

AZ-14-32 BSpillway operating equipment looking north.
Photographer Mark Durben, 19%88.
Source: Salt River Project.

AZ-14-33 HEFU penstock and original power plant.
Photographer Mark Durben, 1988.

Source: Salt River Project.

AZ-14-34 HEFU turbine shaft.
Photographer Mark Durben, 1988.
Source: Salt River Project.

AZ-14-35 Control panels at Mormon Flat power plant.
Photographer Mark Durben, 1988.
Source: Salt River Project.

AZ-14-36 Control instruments behind control panels at
Mormon Flat power plant.

Photographer Mark Durben, 1988.

Source: Salt River Project.

AZ-14-37 Mormon Flat Dam and Spillway, General Topography.
August 1935.

AZ-14-38 Cross Sections, Mormon Flat Dam.
April 21, 1924.

27Z-14-39 Plan of Mormon Flat Dam as Constructed.
April 28, 1925,

AZ-14-40 Plan of Mormon Flat Dam as Constructed.
April 28, 1925.

AZ-14-41 Mormon Flat Dam, Plan.
Cc. 1925.

2Z-14-42 Mormon Flat Dam, Topography and Locations.
C. June 1925.

AZ-14-43 Mormon Flat Dam, Spillway, General Plan and
Sections.
December 1, 1930.



Mormon Flat Dam
HAER No. AZ-14 (Page 5H)
Index to Photographs

AZ-14-44 Sluice Gate Hoist House, Mormon Flat Dam.
January 27, 1925.

AZ-14-45 DMormon Flat Dam, Spillway, Temporary Concrete Arch
Cofferdam.
April 14, 1937.

AZ~14-46 Mormon Flat Dam and Power Plant, Spillway and
Power Plant, Cross Sections and Details.
February 1, 1936.

AZ-14-47 Mormon Flat Dam, Spillway, 50' x 50' Regulating
Gate, General Installation Assembly.
November, 1936.

AZ-14-48 Removable Trash Rack Over Needle Valve Intake,
Mormon Flat Dam.
February 27, 1925.

AZ-14-49 Discharge valves, Mormon Flat Dam.
1925.

AZ-14-50 Mormon Flat Dam and Power FPlant, Power Plant,
Excavation Plan.
February 1, 1936.

AZ-14-51 Mormon Flat Power House, Excavation Diagram, Unit
Number One.
November 7, 1925.

AZ~-14-52 Penstock For Unit No. 1 at Mormon Flat Dam.
August 4, 1925.

AZ~14-53 Mormon Flat Power Plant, Draft Tube for Unit
Number One.
September 12, 1945.

AZ-14-54 Power House Unit Number One, Mormon Flat Dam.
October 15, 1925.

AZ-14-55 Mormon Flat Power Plant, Section A-A and Sectional
Plan CC of Gen. Room Floor.
January 4, 1926.

AZ-14-56 Mormon Flat Power Plant Sections DD and EE.
January 7, 1926. '

AZ-14-57 Mormon Flat Power Plant, Sectional Plans at Elev.
-1586, 1573, Sections GG, FF.
January 13, 19%26. :

AZ~14-58 Mormon Flat Dam, General Layout.
February 12, 1968,



Mormon Flat Dam
HAER No. AZ-14 (Page 6)
Index to Photographs

AZ-14-59 Mormon Flat, Powerhouse - Unit No. 2, General
Arrangement Plans.
February 12, 1968.
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Arrangement and Sections.
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Location: Meormon Flat Dam is located on the
Salt River in eastern Maricopa
County, Arizcna. It is
approximately 50 miles east of
Phoenix. UTM cocrdinates 25 feet
northeast of the dam (in feet)
are: Rasting 1505701.5184;
Northing 12180405.3728, Zone 12.
UsGS 7.5 quad Mormon Flat Dam.

Date ¢f Construction: 1923-1925.
Engineer: Charles C. Cragin.
. | Present QOwner: The Salt River Project.
Present Use: Mormen Flat Dam is operated by the

Salt River Project for the
purposes of generating
hydrecelectic power and for storing
approximately 57,000 acre feet of
water for agricultural and urban
uses.

Significance: Mormon Flat Dam was the first dam
constructed under the Salt River
Project's 1920's hvdrcelectic
exXpansion program.

Histecrian: David M. Introcaso, Corperate
Information Management, Salt
River Project.
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Chapter One: Introduction

Like many twentieth century western cities such as Bolse,
Denver, El Paso, Fresno, Salt Lake, Spokane, and others,
Phoenix's economic base in the nineteenth century was
irrigated farming. Beginning in the late 1860s, non-Indians
settled in the central Arizona desert, in which Phoenix is
located, and began to construct diversion works and canals
to irrigate lands adjoining both banks of the Salt River.
Settlers continually extended the Salt River vVallevy's canal
and ditch system so that by l889,lapproximate1y 35,000 acres
were receiving irrigation water.

In the 1890s the Salt River Vallevy's economlc base continued
to expand as more and more land was brought under o - :
irrigation. By the end of the decade, approximately 110,000
acres were planted, mostly in forage crops and grains.
However, continued expansion of the Valley's farm lands
appeared doubtful, as the area of land in the Salt River
Valley susceptible to irrigation far exceeded the available
water supply. Consequently, by the end of the 1890s, the
normal flow of the Salt, and its tributary the Verde River,
had been thoroughly exploited. Competition for the limited
supply resulted in an excessive number of private water
companies which constructed an overly elaborate and
redundant system of parallel canals. Valley-wide irrigation
became grossly inefficient and future development very
unlikely. Perhaps even more harmful to the valley's
irrigation network was the amount of litigation arising over

lThe following discussion is only intended to provide a
brief overview of irrigation and reclamation development in
the Salt River Valley. For a more complete discussion see
the sources cited here and in the following notes. Earl
Zarbin, "Salt River Valley Canals: 1867-1875," Paper
presented to the Salt River Project, January 14, 1980, Copy
available at the Salt River Project Research Archives, ‘
Tempe, Arizona; Earl Zarbin, "The Swilling Legacy," reprint,
{Phoenix: The Salt River Project, 1981); U.S. Congress,
House, Irrigation Near Phoenix, Arizona, Doc. 342, 54th
Cong., 2d Sess., 1897, 49-55; U.S., Department of the
Interior, Reclamation Service, First Annual Report of the
United States Reclamation Service, (Washington: Government
Printing Office, 1903), 75-79. U.S. Congress, House.
Commission on Organization of the Executive Branch of the
Government, Water Resources and Power, Doc. 208, 84th Cong.,
l1st Sess., 1955, 44; The population in Maricopa County in
1889 was 10,986. Thirteenth Census, Vol. 2, p. 71.
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competition for the limited water supply. Added to these2
problems was abnormally dry weather which began in 1898.

With maximum economic development nearing reality at the
turn of the century, Valley farmers knew that to overcome
their difficulties and to further ecconomic growth it was
vital that storage dams be built to capture flood and waste
water. Valley farmers realized the need for a year-round,
dependable water supply well before the deteriorating
conditions of the late 1890s. In 1888, the Maricopa County
Beoard of Supervisors solicited federal support when the
Senate Special Committee on Irrigation and Reclamation of
Arid Lands heard testimony in Phoenix in the fall of 1888.
Phoenix leaders petitioned the Committee to have Congress
loan the county money or permit it to3issue bonds to finance
construction of a storage reservoir.

Private enterprise continued to plan, however, the
construction of storage dams on the Salt River and other
rivers and streams in central Arizona. Dam sites were
identified and investigated on the Salt, Verde, Agua Fria,
Hassayampa, New and Gila rivers, and on Cave and Queen
creeks. Substantial investment capital was not available in
Arizona to construct large storage dams; by 1900 no works
succeeded much bevond the planning stage. The cost of water
storage development was enormous compared to the assessed
value of Maricopa County. The cost of a Valley-wide

2Twelfth Census, Vol. 6, Agriculture, 825. From 1898
through 1904 rainfall in the Valley fell below average in
six out of seven years. Irrigation Near Phoenix, Arizona,
49~53, 92-95, See map of Salt River Valley canals between
pages 92 and 93.

3The Senate Special Committee on Irrigation and
Reclamation of Arid Lands heard testimony on developing
stored water in Arizona when it met in Phoenix in the fall
of 1888. See U.S. Congress, Senate, Report of the Special
Committee of the United States Senate on the Irrigation and
Reclamation of Arid Lands, No. 928, 51st Cong., lst Sess.,
1820; Geoffrey P. Mawn, "Phoenix, Arizona: Central City of
the Southwest," (Ph.D. dissertation, Arizona State
University, 1979), 219-222; Karen Smith, The Magnificent
Experiment, Building the Salt River Reclamation Proiect,
189(0-1917, (Tucson: University of Arizona Press, 1986),
7-11.
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irrigation project was estimated at $6 million4 The
county's assessed value was only $10 million.

With the Salt River Valley's agricultural development
problem growing more severe and private ventures unable to
make credible progress, the Valley's future was dependent
upon national sponsorship of irrigatlion projects. Valley
leaders would turn their attention to Washington D. C.
because, as S. M. McCowan, Maricopa County Board of Trade
Chairman, stated, Phoenicians "were too ambitious to be
satisfied with conditions that [fell] short of the best
possibilities."

Regional efforts to petition the federal government to
support western water storage projects also began in 1888.
Led by Wyoming senators Franclis E. Warren and Joseph M.
Carey, and Nevada senators William M. Stewart and Francis G.
Newlands, western lawmakers solicited Congressional support
for irrigation when Senator Stewart succeeded in
appropriating funds to have the U.S. Geological Survey
investigate "the extent in which the arid region can be

. 4Irrj.gat:i'.on Near Phoenix, Arizona, 62-77. Smith, The
Magnificent Experiment, Building the Salt River Reclamation
Project, 14. The most successful effort made was work
undertaken by the Agua Fria Water and Land Company. It
nearly completed a sizeable masonry diversion dam on the
Agua Fria River, thirty-five miles west of Phoenix, before
it went bankrupt in 1896. Under its later name, the
Maricopa County Municipal Water Conservation District Number
One, the diversion dam and a storage dam were eventually
completed on the Agua Fria River in the 1930s. See David M.
Introcaso, "The History of Water Storage Development on the
Agua Fria River: The Construction of Waddell Dam," National
Park Service, Historic American Engineering Record (HAER)
AZ-11, 1988, Copy available at the Salt River Project
Research Archives.

5For a discussion on the efforts made by Salt River
Valley leaders, B. A. Fowler and others, to effect
Congressional support, see Smith, The Magnificent
Experiment, Building the Salt River Reclamation Project,
1-24; Mawn, "Phoenix, Arizona: Central City of the
Southwest, 1870-1920," 219-269; Earl Zarbin, Roosevelt Dam:
A History to 1911, (Phoenix, Salt River Project. 1984),
- 19-40; First Annual Report of the Reclamation Service, 1902,
. 15-75. McCowan gquotation cited in Smith, The Magnificent

Experiment, Building the Salt River Vallevy Reclamation
Project, 6.
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redeemed by irrigation.™ 6 Through the 1890s, these
senators and their constituents petitioned Congress to do
more. In 1892 they requested Congress to cede all arid
lands to the western states for bonding ceollateral. In 1896
Senator Warren proposed that the federal government
construct storage dams and turn them over to the states upon
completion. All the while federal support was being
solicited, Senator Warren and his western bloc maintained
that the states should manage the public program.

When legislation was f£inally passed in 1902 for the federal
construction of irrigation projects, it looked nothing like
earlier efforts. Rather, it came as an aberrant proposal.
The National Reclamation Act, signed by President Theodore
Roosevelt 1n June, was completely antithetical. to the tenets .
held by western irrigation proponents. The new law made the
construction of reclamation projects purely a federal
undertaking. Private enterprise would not be involved and
the law left no avenue for state contrel. The act
disallowed any intervention by the states by vesting all
powers with the Secretary of the Interior. Funding the
program was-even beyond the purview of congressional
oversight.

The man who proposed the Reclamation Act was Nevada's
Senator Francis G. Newlands. In 1889 Newlands began a plan
to develop an irrigation project on Nevada's Truckee River.
After Newlands spent $250,000 and two years, the project

6Conaressional Record, 51lst Cong., 1lst Sess., July 18,
1390, 7410, Stewart's measure led to John Wesley Powell's
irrigation survey of the West. See Everett W. Sterling,
"The Powell Irrigation Survey, 1888-18393," Mississippil
vValley Historical Review 27 (December, 1940), 421-434.
Western legislators believed that topographical maps would
provide enough information to spur private syndicates to
construct irrigation works.

7William Lilley and Lewis L. Gould, "The Western
Irrigation Movement 1878-1902: A Reappraisal," in The
American West, ed. by Gene M. Gressley, {(Laramie: University
of Wyoming, 1966), 57-74. See also John T. Ganoe, "The
Origin of a National Reclamation Policy," Mississippl Valley
Historical Review, 18 (June 1931): 34-52. Ganoe argued that
reclamation lobbyist, George W. Maxwell, "turned the whole
thought of the irrigated West toward national reclamation,”
- through the use of Hiram M. Chittenden's 1897 report which
called for national development of irrigation works. The
suggestion to cede arid lands to the western states led to
the 1894 Carey Act.
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failed dismally. From this experience, Newlands concluded
that private investment could not reclaim the West and that
the states were woefully incompetent in managing the
development of irrigation projects. Therefore, Newlands
phrased his legislation to exclude any possibility of state
control or influence. Under Newland's bill, the Secretary
of Interior was given broad authority to locate and
construct irrigation projects in the sixteen western states
and territories. Funding for the construction and
maintenance of these projects would be obtained through the
money received by the sale of public lands located therein.
The money expended to develop the projects would be
recovered from those farmers who benefitted from it.
Repayment of the projects by users would be kept in a
revolving fund to bg used to support future federal
reclamation works.

Whether or not the final reclamation bill was legislative
legerdemain or as one historian termed, a “political fluke,"
it nevertheless proved tremendouslg significant for the
farmers of the Salt River Valley. One year prior to the
rassage of the Reclamation Act, a federal study of water
storage possibilities on the Salt River, which communities
in Maricopa County helped fund, showed that the Salt River
at its confluence with Tonto Creek presented an

Wegpecially fTaorable site" for the construction of a large
storage dam.

Favorable review of the Salt site, combined with intensive
lobbying efforts by organized political leaders of the Salt

8Ibid., 59-62. For a complete review of the ,
Reclamation Act, including its ten year repayment provision,
see Richard K. Pelz, ed., Federal Reclamation and Related
Laws Annotated, vol. 1, (Washington D.C.: Government
Printing Office, 1972}, 31-89; Theodore M. Schad and John
Kerr Rose, Reclamation - Accomplishments and Contributions,
(Washington D.C.: Library of Congress, Legislative Reference
Service, December 15, 1958) 2-12; First Annual Report of ‘the
Reclamation Service, 60-75; Many of the provisions of the ..
Reclamation Act were subsequently changed. See Pelz for the
Act's revisions.

9See Gene Gressley's comments in his introduction to
The American West, ix.

10U.S. Department of Interior, United States Geclogical
Survey, Water Storage on Salt River, Arizona, by Arthur
Powell Davis, Water Supply and Irrigation Paper No. 73,
(Washington D. C. Government Printing Office, 1%03), 35.
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River Valley, convinced Secretary of the Interior Ethan
Allen Hitchcock to select the Salt River Project in 1903 as
one of thel?ational government's first reclamation
projects.

Plans to construct the Salt River Project's newly-named
Roosevelt Dam were complex. The site was remote, located
seventy miles from Phoenix in the Mazatzal and Sierra Ancha
mountains. Extensive road building was necessary to make it
accessible to freight. Also due to the location, it was
necessary to construct a cement mill, since freighting the
amount of cement required was cost-prohibitive.

Construction required the opening of several rock and
aggregatelguarries, a sawmill, and a telephone line to
Phoenix. ) :

To facilitate construction of Roosevelt Dam, federal
engineers, working under the newly-created Reclamation
Service, needed a power source to provide 1,200 horsepower
to run the contractor's machinery, operate the cement mill,
and provide lighting. Again, freighting expenses made fuel
01l too expensive. Burning wood was not an alternative
either; only a limited supply was available at the dam site.
Consequently, Reclamation Service engineers planned to
develop a temporary hydroelectric plant at Roosevelt. Power
would be developed by constructing a diversion dam and power
canal sufficiently upstream to deliver water to the dam site
with an appreciable vertical drop or head of 220 feet.

llHitchcock considered three sites in Arizona: the Salt
River site and two on the Gila River. For a discussion on
the selection of the Salt River Project, see Karen L. Smith,
"The Campaign for Water in Central Arizona, 1890-1903,"
Arizona and the West 23 (Summer 1981): 127-148. Hitchcock
gave provisional approval of the Salt River Project on March
12, 1903. U.S. Department of the Interior, Reclamation °
Service, Second Annual Report of the Reclamation Service,
(Washington D.C.: Government Printing Office, 1504}, 72.

leor accounts of Roosevelt Dam's construction which

include photographs and construction drawings, see the
Reclamation Service's Second Annual Report (1902-1903)
through its Eleventh Annual Report (1911-1912). See also
Karen L. Smith, The Magnificent Experiment, 70~91; Earl
Zarbin, Roosevelt Dam, 87-240; and U.S. Department of the
Interior, Reclamation Service, Salt River Proiject, Arigzona,

Final History to 1916, 3 vols. April 1, 1916, (Typewritten.)
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Through this method 4,400 horsepower could belgenerated,
more than enocugh to meet construction needs.

The hydroelectric and transmission technology used at
Roosevelt Dam was piloneered in California in the 1890s.
Because the state lacked adequate energy resources, fossil
fuels and timber, and because water from the Sierra Nevadas
offered a secure and cheap alternative energy source,
Californians, using the crossover applications of railroad,
logging, irrigation, and mining engineering, advanced the
technological development of polyphase, alternating current,
high voltage, long-distance hydroelectric manufacturing and
transmission. Through the work of Almerian Decker,
engineers at Westinghouse, General Electric, and others,
hydroelectric plants were pioneered by fledgling utilities,
including the San Antonio Company, the Redlands Electric
Light and Power Company, the Sacramento Power and Light
Company, and the Yuba Electric Power Company. The
California success at adapting electrical theory to local
circumstances demonstrated the economic wviability of
developing and transmitting hydreoelectric power. It was
quickly transferred to neighboring states and territories
where environmental circumstances were the same.

13The development of hydroelectricity at the Salt River
dam site had been considered in the Geological Study's 1901
study. In that investigation, Davis suggested the
construction of a diversion dam and canal. U.S. Department
of the Interior, Geological Survey, Water Storage on Salt
River, Arizona, By A. P. Davis, Water Supply and Irrigation
Paper No. 2, {(Washington D.C: Government Printing Cffice,
1897), 45-46. James M. Gaylord, Power ané Pumping System of
the Salt River Project, Arizcna, January 1, 1914,
(Typewritten.) Copy available at the Salt River Project
Research Archives. U.S. Department of the Interior,
Reclamation Service, Second Annual Report of the Reclamation
Service, 72-76; U.S. Department of the Interior, Reclamation
Service, Third Annual Report of the Reclamation Service,
(Washington D.C.: Government Printing Office, 13805},
151~152; U.S. Department of the Interior, Reclamation
Service, Fourth Annual Report of the Reclamation Service,
{Wwashington D.C.: Government Printing Office, 1906), 64-65.
For a detailed acceount of the construction of the Roosevelt
diversion dam and power canal, see David M. Introccaso, "The
“Roosevelt Power Canal and Diversion Dam, National Park
Service Historic American Engineering Record (HAER), AZ-4,
1984. Copy available at the Salt River Project Research
- Archives.
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Californian hydroelectric technology was brought to the Salt
River Project by Orville Hiram Ensign, Reclamation Service
Chief Electrical and Mechanical Engineer. From 1894 through
1897 Ensign had worked for the Redlands Electric Light and
Power Company, which constructed the first three phase,
alternating current electrical system in the United States.
Applying the knowledge and experience he gained at Redlands,
Ensign def&gned a hydroelectric system for the Salt River
Project.

To cultivate the maximum amount of acreage under the project
- stored water would not be sufficient to irrigate all
Project lands - the Reclamation Service realized that it
could substantially enhance its irrigation plan if it
supplemented stored water by using surplus hydroelectric
power generated at Roosevelt to pump groundwater in the
valley.

Underground water resources were already in wide use when
the Reclamation Service considered this plan. The
Geological Survey found farmers using several hundred
shallow and deep wells in Phoenix, Tempe, and Mesa when it
conducted a detailed investigation on the groundwater supply
and geology in the Salt River Valley in 1903. The Survey's
report found that an "immense quantity of water" existed
over the Salt River Valley's 525 square miles. Most of this
water was avallable at less than fifty feet from the
surface. Reclamation Service engineers concluded that the
great volume of guality groundwater available made pumplng a
very prominent consideration. Hydroelectric power produced

14For a full treatment on California's development of
hydroelectric generation and transmission, and the state's
accomplishments in conveying three phase, high wvoltage,
alternating current, see Thomas P. Hughes, Networks of
Power, Electrification in Western Society, 1880-1930
{Baltimore: The Johns Hopkins University Press, 1883):
262-284; Harold C. Passer, The Electrical Manufacturers, .
1875-1900 (Cambridge: Harvard University Press, 1953) '
276~320; William A. Myers, Iron Men and Copper Wires
(Glendale- Trans-Anglo Books, 1984); Edwin T. Layton, Jr.,
"Scientific Technology, 1845-1900: The Hydraulic Turbine and
the Origins of American Industrial Research," Technology and
Culture 20 (1979): 64-89., Ensign studied mechanical arts at
Cornell University for two years. Beginning in 1882 he held
a series of jobs for railroads and electrical companies. He
Joined the Reclamation Service in 1%04. <Concerning the
Redlands plant, see "The First Three-Phase Transmission
Plant in the United States,” The Electrical Review 34
{February 16, 18%4): 171.
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at Roosevelt could draft enocugh underggound water to
irrigate an additional 50,000 acres.

Realizing that there would be a sustained use for
hydroelectricity beyond the dam's construction, the
Reclamation Service changed its power plant design at
Roosevelt. The original plan located the "temporary"
construction generators inside the reservoir about eighty
feet above the Salt River stream bed. This plan was not
used. Instead, the Reclamation Service installed the power
canal units immediately below the south, downstream side of
the dam and housed in a cut out in the canyon wall. The
equipment was placed 1in a shallow cave to protect it from
floods and blasting. Water was conveyed to the generating
units from the power canal above through a 620 foot, :
steel~lined penstock tunnel, seven feet in diameter.
Although the diversion dam was not completed until October
1806, the first power canal unit began producing power six
months earlier from water diverted into the <anal by a
temporary brush dam at the diversion dam site. Water from
the canal produced 1,380 horsepower, more than needed to
supply construction.

15U.S. Department of Interior, Geologliecal Survey,
Underground Waters of Salt River Valley, Arizona, By Willis
Thomas Lee, Water Supply and Irrigation Paper No. 136,
(Washington: Government Printing Office, 1905); aAlfred J.
McClatchie, Irrigation at the Station Farm, 18%8-13901,
Arizona Agriculture Experiment Station, Bulletin No. 41,
1902; U.S. Department of Interior, Geological Survey, The
Underground Waters of Gila Valley, Arizona, By Willis Thomas
Lee, Water Supply and Irrigation Paper No. 104, {Washington
D.C.: Government Printing Office, 1904). The Reclamation
Service also considered two downstream sites, one on the
Salt and one on the Verde River, as additiocnal hydroelectric
power sites. Third Annual Report of the Reclamation
Service, 151~152.

16Before the power canal generated electricity, 150
horsepower was produced from a wood burning steam unit which
supplied power for hoisting and aggregate processing and for
the machine and carpentry shops. James M. Gaylord, Power
and Pumping System of the Salt River Project, 26-33, 38-43;
Final History to 1816, 113-114; U.S. Department of the
" Interior, Reclamatlon Service, Fifth Annual Report of the
Reclamation Service, (Washington D. C.: Government Printing
Office, 1907), 87-88; Introcaso, "The Roosevelt Power Canal
and Diversion Dam," 5-18.
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The "permanent” power plant at Roosevelt was begun in
October 1906 and finished in the spring of 1908. After
completion, the power canal units, now expanded to three,
were moved into the power house through the extension of the
seven foot penstock. Complementing the hydroelectric output
. from the power canal penstock were three additicnal units

which received stored water from the reserveoir through a ten
foot diameter penstock running through the dam face. By
1912, five units were installed with an operating capacity
of 4,500 kilowatts {(kw). The sixth Egrbine, rated at 5,000
kw capaclity, was installed in 1916.

In 1906, Congress passed legislation authorizing the
Secretary of Interior to sell excess hydroelectric power
generated at federal reclamation projects, giving municipal
purposes preference. The receipts from these power _
agreements would be deposited in the reclamation fund and
credited as repayment money to the project from which the
power was derived. The primary use for Rogosevelt's
hvdroelectric power was to pump groundwater, however, with
an anticipated excess from the Roosevelt plant, power was
actually used first for commercilal purposes.

In 1907, Hitchcock's successor as Secretary of the Interior,
James R. Garfield, entered into an agreement to sell 1,500
kw to the locally-based Pacific Gas and Electric Company
which, in turn, retailed the electricity to the City of
Phoenix and over thirty Valley businesses. Power under this
contract was transmitted to Pacific Gas and Electric in

17The original "temporary" power canal unit was
replaced by three permanent units by June 1909. (To convert
kilowatts to horsepower, divide kilowatts by .7457.)
Because the Roosevelt power plant was too small to
accommodate the necessary transformers and other control and
distribution equipment, a transformer house, completed in
1908, was built 600 feet downstream from the power plant.
Hydroelectric power was conveyed to Phoenix via a 75 mile,
45,000 volt transmission line constructed from Roosevelt to
Phoenix. For a detailed description of the Roosevelt Dam
power plant building and layout, the transformer house, all
electrical equipment, and transmission line, see James M.
Gaylord, Power and Pumping System of the Salt River Project,
21-66; U.S. Department of the Interior, Reclamation Service,
Ninth Annual Report of the Reclamation Service, {Washington
D.C.: Government Printing Office, 1911), 64-65; Final

- Historv to 1916, 500-530; U.S. Department of the Interior,

Reclamation Service, Salt River Project, History of the
Project for the Calendar ¥Year 1915, Salt River Project
Research Archives, Tempe, Arizona, 8.
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September 1909 after the Roosevelt to Phoenix transmission
line was completed earlier that year. Shortly after Pacific
Gas received power, hydroelectricity was transmitted to Mesa
and the Gila Riv?g Indian Reservation to lift groundwater
for irrigation.

The Reclamation Service completed Roosevelt Dam and many
assocliated features in 1910. Beyond the project's
hydroelectric plant, transmission lines and groundwater
pumping stations or batteries, the project included a list
of other formidable achievements. In constructing Roosevelt
Dam, the largest masonry dam in the world, the Service had
also built two concrete diversion dams, over a hundred miles
of roads, two miles of tunnels, bridges, buildings, levees,
telephone lines, and improved many miles of Valley canals
which it had purchased from private companies. All these
works meshed into one systematic network which provided
enough water to cultivate an area approximately 191,000
acres in size. When President Theodore Roosevelt visited
the Arizona Territory to dedicate the dam and officially
open the Salt River Project in March 1911, the general

185ct of April 16, 1906, 34 Stat. 116. Pelz, Federal
Reclamation and Related lLaws Annotated, Vol. 1, 109-112.
Under this act storing water for irrigation still held
pricority over running water to produce power. Glenn W.
Brandow, Historical Documentsg Pertaining to Power Contracts
and Agreements of the Salt River Project, Salt River Project
Research Archives, Tempe, Arizona, Inventory Box 101, No. _
1887, 1, 30; Ninth Annual Report of the Reclamation Service,
64-66; U.S. Department of Interior, Reclamation Service,
Eight Annual Report of the Reclamation Service, {(Washington
D.C.: Government Printing Office, 1910), 46-47; U.S. :
Department of Interior, Reclamation Service, Tenth Annual
Report of the Reclamation Service, (Washington: D.C.: .
Government Printing Office, 1912), 67-68; Mawn, "Phoenix,
Arizona, Central City of the Southwest," 336-340. For a-- - -
list of businesses which received power from Pacific Gas and
Electric, see James M. Gaylord, Power and Pumping System of
the Salt River Proiject, 174-179. For a discussion on the
Gila River Reservation groundwater pumping program as
defined by the 1907 Sacaton contract, see David M.
Introcaso, "Water Development on the Gila River: The
Construction of Coolidge Dam," National Park Service HAER
Report AZ-7, 1986, 36-48. Copy available at the Salt River
Project Regearch Archives. See also, James M. Gaylord,
Power and Pumping System of the Salt River Project, 186-200.
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feeling of Valley residents was without ?Qubt one of
optimism and enthusiasm for the future.

The successful completion of Roosevelt Dam provided the
Reclamation Service and the Salt River Valley Water Users'
Association (Association), the organization of landowners
pledged to repay the cost of the project, with the
confidence to extend their vision as to what the project and
Valley could become. Through 1910, the city of Phoenix and
the surrounding Valley communities had continued to grow
rapidly. Phoenix's population doubled between 1900 and 1910
to 11,000 residents. The Valley was developing as a
frontier urban center with a variety of business interests.
Copper mines, newspapers, laundries, hotels, flour mills,
meat packers, machine and lumber companies, processing-
plants, and other businesses ancillary to agriculture
continued to locate in the Valley. All required electrical
power. This fact was not lost upon either the Reclamation
Service or the Association. In a 1914 report, the Service
wrote: :

The market for the sale of power in the project
and vicinity is excellent, and the transmission
lines already constructed, . . . are available
to serve this market. There are no competing
companies in the field, and there iSZBO prospect
of close competition in the future.

Because the production of hydroelectricity had proven its
financial worth to the project by generating thousands of
dollars in repayment income, the Association and the
ReclamatioBlService looked to expand the project's power
capacity. :

19The dedication of Roosevelt Dam was held on March 18,
1911. Tenth Annual Report of the Reclamation Service,
64-65. The significance of Roosevelt Dam to the Territory's
development is probably best seen in Arizona's state seal
which deplcts Roosevelt Dam. '

2oJames M. Gaylord, Power and Pumping System of the
Salt Riwver Proiject, 169.

21’I‘he Reclamation Service's Tenth Annual Report
(1910-1011), stated, "Excellent progress, on the whole, has
been made along all agricultural lines during the past vear,

“-and a general feeling of optimism prevails throughout the

project." U.S. Department of the Interior, Reclamation
Service, Tenth Annual Report of the Reclamation Service,
(Footnote Continued)
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Under an agreement reached with the Reclamation Service in
August 1910, the Association undertook a $900,000 program to
construct three hydroelectric plants in the Salt River
Valley. Under the Reclamation Service's design
specifications and supervision, the Association built three
low-head hydroelectric facilities along Valley canals. The
plants were: the Consolidated power plant at the junction of
the South and Consoclidated canals; the Arizona Falls power
plant along the Arizona Canal; and the Cross Cut power plant
which used falling water from the newly built Cross Cut
Canal which joined the Arizona to the Grand Canal. When the
Association completed these works by 1914, it turned their
operation over to the Reclamation Service as part of the
integrated Salt River Project. Hydroelectric receipts from
these plants, along with those earned at Rooseviﬁt, went to
defray the Association's repayment obligation.

The total capacity of the Valley plants was approximately
8,000 kw. Combined with Roosevelt, which added a sixth unit
in 1916, the Salt River Project was now producing
approximately 18,000 kw of hydroelectricity. About a third
of the power was sold to the Inspiration Consclidated Copper
Company in Miami, east of Phoenix, and another large
percentage was still being wholesaled to the Pacific Gas and
Electric Company. Power also was used to pump groundwater.

{ Footnote Continued)

{Washington D.C.: Government Printing Office, 1912), 68. In
the Association's Board of Governor's Minutes for June 2,
1910, the Association paraphrased the Reclamation Service's
- A. P. Davis' comments concerning the project by stating,
"Mr. Davis said that he had an especially warm feeling for
this project and everything connected with it . . . because
it is the largest and most spectacular thing for which the
Reclamation Service is responsible." Minutes, Salt River
Valley Water Users' Association Board of Governors, June 2,
1910, Book 3, 7. Mawn, "Phoenix, Arizona, Central City of
the Southwest,'" 346-347.

22The final cost to develop the three plants was $1.1
million., '"Contract Between the Salt River Valley Water
Users' Association and the U.S. Secretary of the Interior,"
August 30, 1910. Copy of contract printed in the Minutes,
Salt River Valley Water Users' Association, June 16, 1910,
Book 3, 10-12: C. H. Fitch to Frederick H. Newell, August
31, 1911, Historical File 150.2, Salt River Project Research
Archives. For a detailed discussion of the three, low-head
hydroelectric units, see James M. Gaylord, Power and Pumping
Syvstem of the Salt River Project, 67-112. The head at South
Conscolidated was 31 feet, at Arizona Falls, 19 feet, and at
Cross Cut, 111 feet.
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In 1915-1916, ten pumping plants drew 42,000 acre feet of
water.

For federal reclamation activities in total, the power
produced at the Salt River Project in 1916-1917 generated
nearly two-thirds of all Reclamation Service power in the
West and returned a gross income of $495,000, or four~fifths
of Reclamation's hydroeleigric revenue as a credit for Salt
River Project repavyment.

With the exception of some spillway work remaining at
Roosevelt and lining certain laterals, the Reclamation
Service declared that the Salt River Project would be
complete by the end of 1916. The Reclamation Service
considered its efforts a great success. It proudly stated
that Rocsevelt was "one of the great reservoirs of the
world." Since 1908 the Service had been supplying water to
the Valley. Roosevelt's reservoir was full and all
irrigation works were "in an excellent state of efficiency.”
Reclamation was also managing a large hydroelectric power
system which it estimated could produce an annual average
income of $300,000. Having operated the project for eight
vears and with it essentially complete, Secretary of the
Interior Franklin Lane decided tg,convey the operation of
the project to the Association.

As President Wilson's Interior Secretary, Lane helieved that
the govermnment should not extend its paternal role beyond
the construction of its reclamation projects. The
Association should hbe made responsible for the federal

23U.S. Department of the Interior, Reclamation Service, -
Fourteenth Annual Repcrt of the Reclamation Service,
(Washington D.C.: Govermment Printing Office, 1915}, 28-31;
U.S. Department of the Interior, Reclamation Service,
Fifteenth Annual Report of the Reclamation Service,
(Washington D.C.: Govermment Printing Office, 1916}, 22-26;
U.S, Department of the Interior, Reclamation Service,
Sixteenth Annual Report of the Reclamation Service,
(Washington D.C.: Government Printing Office, 1917), 22-25;
U.S. Department of the Interior, Reclamation Service, Salt
River Project, "History of the Project for the Calendar Year
1916," Salt River Project Research Archives, 112-119; Janes
M. Gaylord, Power and Pumping Svstem of the Salt River
Project, 179-18l.

24"History of the Project for the Calendar Year 1916,"
143-145. Sixteenth Annual Report of the Reclamation
Service, 8.
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government's works, Lane thought, just as it was ocbligated
for remitting the cost of the project. Lane's judgement,
however, was not shared by the Reclamation Service.  Under
the direction of A. P. Davis, Reclamation believed that
relinquishing authority would deny the government the
receipts from the project's hydroelectric components and
thereby relinguish the only security the government had to
recover 1ts expenses. Added tc Davis' cobjection was the
Assoclation's apparent indifference to receiving control.
It had never asked to acquire the project's operation. The
Association also knew it was not staffed yet to operate the
project. Despite the circumstances, Lane conveved operation
and maintenance of the preject to the Salt R%ger Valley
Water Users' Association in September 1917.

Under the terms of the agreement, the federal government
maintained title to the Salt River Project while the Water
Users' Association accepted "care, operation and
maintenance." In addition, and critical to the project's
future, the Association also received all "profits, revenue
and income" from the preoject's facilities. The Association
also agreed finally to the project's repayment debt, which
for several years it had argued vigorously was greatly
excessive. The amount fixed by the agreement was
$10,279,000, three times more than criginally estimated for
construction of the project. Repayment under the agreement
was defined under the terms of the 1914 Reclamation
Extension Act which extended the Association's payment
period from ten te twenty vears. OCther provisions included
in the agreement obligated the Asscciation to obtain the
Secretary's approval if it wished to make any significant
improvements to the project. Finally, the Secretary
retained the discreticn to terminate the agreement to.
protect the governmegg's investment if the Project was not
managed adequately.

25Sixteenth Annual Report of the Reclamation Service,
8-9; Smith, The Magnificent Experiment, Building the Salt
River Reclamation Project, 141-146; U.S. Department cf the
Interior, Reclamation Service, Seventeenth Annual Report of -
the Reclamation Service, (Washington D.C.: Government
Printing Office, 1918), 8, 64-65.

26"Contract Between United States of America and Salt
River Valley Water Users' Association," September 6, 1917,
Copy available at the Salt River Project Research Archives.
The repayment debt of $10 million equalled $60 per acre for
191,000 acres within the project. For information on the
Reclamation Extension Act, See Pelz, Federal Reclamation and
(Footnote Continued)
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Although the Assoclation did not lobby Secretary Lane for
the operation of the project, it was satisfied, if not
pleased, to receive it. Conditions in 1817 were excellent
for the Salt River Valley farmer. Roosevelt Reservoir was
full and because of the war in Europe, the production of
food and fiber, particularly cotton, was in great demand.
21l lands with irrigation rights, including those "dry"
lands that obtained water rentals, were cultivated because
of appreciable per acre returns. Cotton sold at $1.35 per
pound and other crops netted farmers as high as $100 per
acre profit. Combined with a booming farm economy, the
project netted $309,000 in hydroelectric receipts, mostly
from the sale of power to the copper mines. The Associlation
could not have been on a better economic footing when it
received the Salt River Project. S S

In taking over the project, however, the Association faced
two immediate problems. First, it could not employ enocugh
qualified zanjeros (water deliverers) due to a war-imposed
labor shortage. As a result, the Assoclation had difficulty
meeting water orders, particularly to areas planted in
cotton due to its peak demand needs. Under the
circumstances these problems were probably unavoidable.
They would be remedied over time as the Association gained
operational experience. A much greater problem confronted
the Association, one that questioned it§7very nature and
could not be solved through practice.

Because the Salt River Valley's irrigation demand ran almost .
entirely from April 1 through October 1, hydroelectric power
was only available during this periocd. From October through
March, when the irrigation demand dropped to nearly nothing,
power generation fell of, accordingly since Roosevelt was
not required to release water. Making electric power
secondary to irrigation, therefore, limited power
development to the fluctuations in irrigation demand. With
these constraints on the power system, the Association
realized the opportunity this presented for competition. In
its first full annual report, dated 1918-1919, Association

(Footnote Continued)

Related Laws Annotated, 186-200. Concerning the project's
final repayment costs, see "Proceedings of the Roard of Cost
Review," Corporate Secretary's 0Office, Salt River Project;
File, 150.22 "Board of Review - Finances," Box 5011, Salt
River Project Research Archives, and Smith, The Magnificent
~ Experiment, Building the Salt River Reclamation Project,
135-141.

27

Ibid., 14.
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General Superintendent and Chief Engineer Walter R. Elliot
explained the situation as follows:

Should a competing company obtain a foot held
in this Vvalley, the Association would, owing

to the nature of its organization, be forced
inte a secondary position, with the inevitable
result of having the financial returns very
materially interfered with. It is not
necessary, however, that the Association ever
be forced intec that position if it will provide
the quantiEg of power and class of service
demanded.

Realizing potential if not inevitable competition in the
Valley power market, the Association knew that its
hydroelectric plants were too valuable to sacrifice to the
constraints of the project's irrigation system. It also
knew that its power plants needed to accommodate both the
water demand and the electrical demands ¢of its shareholders.
The Water Users' needed to consider remodeling the Salt
River Project electrical system, if it expected
hydreoelectric revenue to defer an appreciabhle part of th39
Assoclation's $10 million federal repayment obligatien.

281pid., 17.

29For the three fiscal years 1917 to 1920 the average
net annual hydroelectric power revenue from the Salt River
Project was $299,619. In those yvears the Water Users repaid
the federal government $203,320 annually as repayment for
the cost of the Salt River Project.
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Chapter Two: The Need to Expand the Association's
Hydroelectric Capacity

When the Association took over operation and maintenance of
the Salt River Project on November 1, 1917 it faced several
problems. Although the Reclamation Service had stated
officially that the project was complete in order to
transfer responsibility and initiate the repayment cycle,
this only meant that the work started by the government was
finished. Several other intricate issues still confronted
the project and its sharcholders. The Association needed to
add to the project's water supply because several thousand
acres of dry lands were included within the boundaries of
the Association's reservolry district, but excluded from
project membership; they were waiting for an assured water
supply. While the Association needed to provide an
additional water supply to some of its lands, other,
low-lying areas (approximately 10,000 acres) needed the
groundwater table reduced because inadegquate drainage had
caused the groundwater to rise dangerously close to the
surface. The Assgsociation also wanted to improve its water
delivery system, particularly to areas planted in cotton.
It needed to find an adequate method for disposing of waste
water. And finally, thelAssociation faced a labor shortage
because of World War I.

Remedlies to these problems were fairly simple. To provide
more water to meet the irrigation demand and to relieve
those areas needing drainage from the rapidly rising water
table, the Association constructed thirty-eight pumping
plants in 1918. To dispose of waste water, the Association,
in cooperation with private landholders, constructed several
inexpensive waste ditches. To deliver more water to
farmers, the Assoclation used its drainage pumps, enlarged
certain canal and lateral lengths, and added an additional
pump to the Highline pumping plant. Little could be done
immediately to hire additional workers, particularly water

The Salt River Project's reservoir district boundary
or its service area i1s defined in the Articles of Ce
Incorporation of the Salt River Valley Water Users'
Assocliation, Article IV, Section 3, see the Reclamation
Service's, Second Annual Report of the Reclamation Service,
1902-1903, 77-78. Salt River Valley Water Users'
Association, Annual Report, Operation and Maintenance,

- 1918-1919, Phoenix: Salt River Project Research Archives,
~7-21. High groundwater, or subsurface water less than ten
feet from the surface, can ruin a field by choking the
crops' roots or by bringing salts to the surface.
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deliverers or zanjeros. Through time andztraining, however,
the Association added to its work force.

While the Association solved these difficulties quickly, it
still needed to resclve the conflict between storing water
for irrigation or releasing 1t to generate hydroelectric
power. In his 1918-1919 annual report, Walter R. Elliot
wrote, "The development of electric power on this Project is
a matter that must be given more and better conslderation in
the future than it has received in the past. Better
yvear-round [electrical] service is demanded, for the
interest of the Project." If the project hoped to increase
its power sales to commercial and industr%al customers, it
needed to offer a more reliable product.

What the Association needed to do, Elliot stated, was make
the "supply of power . . . during the ginter months, free
and independent of irrigation needs." As long as the
power system was subiect to the irrigation demand, Elliot
recommended that the Assoclation's Board of Governors
consider constructing a steam power plant at one of its
Valley hydroelectric facilities to serve the winter
electrical demand. He argued that the Assoclation's
electrical service during the winter months was already
unsatisfactory ang that the condition would become worse as
the demand grew.

Elliot believed that the Association needed to expand its
power services to protect its significant investment in its
hydréelectric system ($4.5 million) and to contrel the
future power market. For example, he knew that there was
already a demand by owners of undeveloped lands adjacent to
the Salt River Project to the east and west to acquire cheap
power to fuel groundwater pumping plants. Elliot concluded

that if the Association wished to protect its investment and

maintain its control of the development of electrical power

21pid.

3The first annual report compiled by the Water Users'
was written for the eleven month period November 1, 1917 to
September 30, 1918. Salt River Valley Water Users'
Association, History of the Salt River Project for the
Period November 1, 1917 to September 30, 1918, Phoenix: Salt
River Project Research Archives, 2-5. For a report on the
irrigation well development plan see pages 71-82.

4

Ibid., 15.

S1pid., 16.
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in central Arizona, it would have to expand., If it failed
to grow, the groject's operational limitations would invite
competition. I

In July 1920, Elliot and Association President F. M.
Wilkinson left office. They were replaced by Frank A. Reid,
who was elected president, and Charies C. Cragin who was
elected to Elliot's office as general superintendent and
chief engineer. Frank Reid was a native of Oklahoma who
attended Fort Worth University in Texas. He came to Arizona
in 1910 when he purchased a cattle ranch in Ash Fork in
Yavapal County. Before joining the Association, Reid and
Jim Cashion formed the Reid-Cashion Land and Cattle Company.
Reld also had several mining interests in Maricopa County
and in northern Mexico.

Charles Cragin was born in New York and was graduated from
the College of Engineering of New York University in 1906.
Before moving West, he worked in dewveloping the City of New
York’'s water supply. He played a junior role in the design
and preliminary construction of the city's Ashokan Reservoir
which is formed by 0Olive Bridge Dam. Shortly after
graduation, Cragin moved to San Francisco where he was
employed as a consulting water supply engineer for the
Oakland, Berkeley, and Alameda Water District. Prior to
coming to the Salt River Project, Cragin also worked in
British Columbia, Montana, the Dakotas, New Mexico, and many
other cities in California. Under the leadership of Reid
and Cragin, the Assoclation undertook a comprehensive,
two-year study to evalgate expanding the Association's
hydroelectric output.

6Fcr the three fiscal years 1917 to 1920 the average
net annual hydroelectric power revenue from the Salt River
Project was $299,619. In those years the Water Users repaid
the federal government $203,320 annually as repayment for
the cost of the Salt River Project.

7Salt River Water Users' Associatlon, Annual Report,
October 1, 1919 to September 30, 1920, Phoenix: Salt River
Project Research Archiveg, 11. Reld was born-in 1880 and
Cragin's birth date is unknown. The present Maricopa County
town of Cashion is named after Reid's partner. For
biographical information on Reid, see his obituary in The
Phoenix Gazette, October 24, 1961, 43. For biographical
information on Cragin, See the EL Paso Herald Post, January
12, 1955 and October 8, 1962. Interview with George Cragin,
Charles Cragin's son, ElL Paso, Texas, October 19, 1988. See
also the McClintock Newspaper Clipping File, item 5-I,

(Footnote Continued)
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A detailed study, titled, "Report on Proposed Additional
Hydro-Electric Power Development of the Salt River," was
completed in February 1922 by Cragin, Assistant Chief
Engineer Francis J. 0'Hara, and Electrical Engineer Harry J.
Lawson. The Cragin report, as 1t became known, answered
four gquesticons: 1) how much power could be developed
econcmically by assessing the project's available water
supply?; 2) what construction plan would develop additional
hydroelectricity?; 3) what methods of financing were
available for expansion?; and 4) finally, and most
importantly, why was hydroelectric expansion necessary?

Cragin and his associates began thelr study by calculating
the project's total water supply. The Association drew
water from four sources: the Salt River; the unregulated
flow of the Verde River; the return water at Joint Head Dam
on the Salt River; and pumped groundwater. For the period-
of record 18%99-1921, the average annual run-off from the
Salt River was 882,000 acre feet. The average annual
run-coff from the Verde River for the pericd 1889 to 1921 was
594,000 acre feet. Through Joint Head Dam, a diversion
structure in Phoenix which captured percelating undergreound
water, 65,000 acre feet could be counted on annually.
Groundwater pumps supplied 55,000 acre feet for the period
1919-1921; however, with the Association's newly added
drainage pumps, 150,000 acre feet could be tapped annually.
All totaled, the project could count on 1.69 million acre
feet annually. Although Cragin, Q'Hara, and Lawson showed
that the project developed an appreciable amount of water,
they also showed that without the ability to better

{(Footnote Continued)
Phoenix Public Library, Phoenix, Arizona. 0live Bridge Dam
was part of the Catskills Aqueduct and completed in 1916.

8C. C. Cragin, F. J. Q'Hara, and H. J. Lawsocon, "Report
on Proposed Additional Hydro-Electric Power Development of
the Salt River," February 1923. Copy available at the Salt
River Project Research Archives. The report cost $30,000: to
prepare. See also, Charles C. Cragin, "Development of
Hydro-Electric Power As An Aid to Irrigation," Proceedings
of the American Socletv of Civil Engineers 58 (April 1532):
545-557. Francis Joseph Q'Hara was graduated from Notre
Dame University in 1899 with a degree in civil engineering.
After service in the military and employment for various
railroads, O'Hara worked for Cragin in San Francisco in the

- . firm Dockweiler and Cragin, Consulting Engineers. After

serving in the military during World war I, Q'Hara was hired
again by Cragin for the Salt River Project in June 1920.
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manipulate or manage its use, additional hydroelectric power
was not possible.

Three operatiocnal conditions hampered expansion. Roosevelt
Dam could generate power only when the irrigation demand
required the release of water. This made power generation
strictly a seasonal activity. Secondly, power production
was even more restricted because all other project water
sources were used before Roosevelt to satisfy the irrigation
demand. Water from Roosevelt was released only when the
Valley irrigation demand was not met by the unregulated flow
of the Verde, the Joint Head flow, the normal pump supply of
the Association, or possible flood water. Also affecting
the production of Salt River hydroelectricity was the great
variation in the river's annual flow. In 1916, 2.3 million
acre feet came down the river; -in 13803, only 250,000, "The
Salt's monthly variation could produce 100,000 acre feet for
each of eight Eanecutive months and then produce almost no
water at all.

The Association needed more ability to regulate the flow of
the Salt River than Roosevelt Dam provided. But the
Association could not offset the project's irrigation demand
simply to sell power. Cragin therefore concluded that the
Assocliation needed to further regulate or stabilize the Salt
River's flow if the Association expected to develop a
constant year-round power supply.

The Cragin report recommended four alternatives to improve
the Association’'s power output. It restated Elliot's
suggestion to construct a steam plant. The three engineers
also proposed that the Association build a detention or
regulatory dam below Roosevelt at the Mormon Flat site, and
build another dam between the two to be used strictly for
hydroelectric power production. As a third alternative,
Cragin recommended that a storage dam be built on the Verde
River. This would allow Roosevelt to release water in the
winter for power. In the summer the Verde would release its
winter storage and still permit Roosevelt to release water
for power, although at a reduced rate. Cragin recommendeéla
combination of all alternatives as a fourth possibility.

9Cragin, et. al., "Report on Proposed Additional
Hydro-Electric Power Development ©f the sSalt River," 2-8,
54-63. See also hydrograph number one at the end of the
report.

101p14., 63-68.

111pia., 8.
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Cragin and his collaborators strongly recommended the second
alternative. If the Association undertook the construction
of Mormon Flat Dam, it could permit Roosevelt to produce
hydroelectric power when there was no irrigation draft
required. Mormon Flat would store 90,000 acre feet of water
run for power from Roosevelt. It would also capture water
from an additional 276 square mile watershed or about 30,000
acre feet more annually. The construction of the Mormon
Flat Power Dam (what would become Horse Mesa Dam),
approximately midway between Roosevelt and Mormon Flat,
would permit the development of 25,000 kw. Cragin also
recommended that power ocutput at Roogevelt could be
increased by raising its spillways fifteen feet. This would
allow for 270,000 acre feet of additional water storage
which would permlt igdlng a seventh 9,000 kw unlt to the
dam's power plant.

Cragin estimated that the hydroelectric expansion program
would cost $5.9 milliion or $175 per kilowatt. To finance the
expense, the engineers recommended that the Association
first consider soliciting construction funds in advance from
large electrical users. Cragin estimated that among the
copper companies, Central Arizona Light and Power Company
(CALAPCO), and irrigaticon and electrical districts, there
existed a demand of 60,000 kw. If these businesses funded
construction, the Association cculd repay them through a
credit and reduced rate formula. ©One reason Cragin argued
for scoliciting "up-front" funding was because he thought it
would take too long to sell the expansion to the Project’s
shareholders who were required to approve the issuance of
bonds by a three-fourths vote. He wrote, "a number of years
of education would be required to convince our 5,000
shareholders of the feasibility, necessity and benefits
under an ordinary bond issue method of financing." If
assistance to fund construction could not be obtained,

121bid., 16-33. The report also listed several further
considerations in expanding the project's hydroelectric
facilities. 1Instead of erecting a Mormon Flat Power Dam,
Cragin offered a plan to build a smaller structure at that
site and build another dam at Pine Creek, seven miles below
Roosevelt. Combined, these dams would produce a total of
24,000 kilowatts. Cragin offered this alternative because,
although it would cost more than the one power dam, the
initial expense would be lower if only one was constructed
first. Cragin alsc suggested the construction of a power
canal to run eighteen miles from a diversion structure built
" on the Salt to the Verde River. Salt River water would be
stored on the Verde and run to produce power when the
1rrlgatlon demand required.
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Cragin believed that the AssociatioEBhad the means itself to
finance the 34,000 kw development.

How the Association could expand its hydroelectric capacity,.
however, did not explain why it should. Here, Cragin and
his associates echoed Elliot's warning and argued that the
Association needed to expand the project to protect the $4.5
million investment in its power system. However, Cragin saw
other reasons for expansion. The Association needed to
reaffirm its power rights on the Salt River. The report
argued that Association rights to the Salt's hydroelectric
potential would not be secure for more than a reasonable
number of vears. Failure to develop the river would risk
not only losing potential future power resources, but also
risk losing control of it to the Paradise Verde Irrigation
Distriect, the Roosevelt Water Conservation District, and the -
Roosevelt Irrigation District, organizations outside the -
Project's boundaries that had plans t?4develop further the
Salt River Valley s water resources.

The Cragin report also considered market competition. Three
potentially competitive hydroelectric projects were being
planned in the early 1920s. BAbove Roosevelt Dam, private
interests were designing the Black River Project. This
development seemed unlikely from an economic standpoint.

The cost per kilowatt was probably twice that of the salt
River Project's expansion plan. The Paradise Verde
Irrigation District's hydroelectric development plans on the
Verde River also were significantly more expensive than on

. the Salt. Simply, if the cost of the Verde development was
competitive, the report stated that the power output from
both rlv?rs could be ea51ly absorbed by the Valley

market.

131pid., 40-42, 53. The $5.9 million cost included
$1.079 million for Mormon Flat, $2.957 million for the
Mormon Flat Power Dam, $492,000 for work at Roosevelt, .
$422,000 for transmission and substation improvements, and -
twenty percent, or $990,000, for contingency fees. :

141p54., 41, 70-72.

15See File, "Leg., 8-1, 1920-1923, Federal Legislation
and Regulations, FPC Hearings re: Frank Baum's Black River
Power Development,"” Box 219-37, Records Management Division,
".Salt River Project. The Paradise Verde Irrigation District
planned to irrigate 100,000 acres north of Phoenix. The
plan did not succeed. Ibid., 42-44.
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Perhaps the largest power plan was the speculative
development of the Colorade River by California interests.
Cragin did not fear this plan either, because power off the
Colorado would have to travel too great a distance to serve
a widely-scattered Arizona market. He estimated the cost of
developing power on the Colorado at $155 per kilowatt.
Combined with high transmission costs to serve the dispersed
Arizona users, the total price of Colorado River
hydroelectricity would be $295 per kilowatt, or over $100 16
more per kilowatt than what the Association could develop.

The lack of other cheap hydroelectric power seemed to leave
central Arizona's power market open to the Association.
Market place conditions could not have been more favorable.
In 1920 the state of Arizona used approximately 500 million
kilowatt-hours of electricity with the anticipation that the
annual demand would double in ten years. About eighty
percent of the 1920 load was within a 100 mile radius of the
Salt River Project's hydroelectric plants. Since an
overwhelming amount of the state's demand was concentrated
in and around the Project's electrical service area, Cragin
realized that the Associlation had an opportunity to
contribute more to the state's power demand beyond its
cErrenE751xty to eighty million kilowatt-hour annual

share

16Ibid., 44-51. 1In the report, Cragin stated that A.

P. Davis estimated the cost of the Colorado River project,
or the Boulder Dam {(now, Hoover Dam) project, would be $55
million. The amount of power estimated would be
approximately 400,000 kw. Cragin thought that large amount
of power would be more appropriately transmitted to Los
Angeles, Salt Lake, Denver or San Francisco, cities where
there was a larger and more concentrated electrical market.
In computing the transmission of Colorado River
hydroelectric power to Arizona markets, Cragin excluded the
outlying communities of Clifton, Morenci, Kingman, and Yuma.
He thought the only competitive Colorado development was the
‘Girand Project at Diamond Creek. However, he did not think
it would compete with the Association's and that it would
‘take a prolonged period to develop.

171pid., 47-48. Between 1917 and 1922 the Association
produced between 60 and 85 million kilowatt-hours annually.
" See power system chapters in Annual Repoarts for years
©1917-1918, 1919-1920, 1920~1921, and 1921-1922; C. C. Cragin
to the President and Board of Governors, Salt River Valley
" Water Users' Assoclation, in Minutes, Board of Governors,
Salt River Valley Water Users' Asscociation, November 15,

(Footnote Continued)
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The Cragin report provided the Association with the
technical data required to evaluate expanding its
hydroelectric capacity. It explained and assessed many of
the factors and circumstances to be considered. The report
was very persuasive, arguing for further development.
However, while the study was being prepared, financial
circumstances changed radically for the Association.

Beginning in 1915 and continuing through the early 1920s,
Association farmers planted more and more acres in cotton.
World War I had put the fiber in great demand. 1In 1914 the
Salt Riwver Project had 2,100 acres planted in long and short
staple cotton. By the end of the decade, 146,000 acres, or
two thirds of the prolject's acreage, were producing cotton.
The production of the fiber became so wide spread that
Valley farmers plowed under alfalfa fields and slaughtered
cattle to make more land available for the crop. Wartime
demand rocketed cotton's price. The profit Valley farmers
could make on cotton was unprecedented. For example, cotton
seed returned an average per acre value of $21 in 1917. Two
Years latﬁg, in 1918, cotton seed's value had risen ten fold
to $210.

In November 1918 the war ended. Socon after peace, however,
the American farming market collapsed. The artificially
high demand for farming goods was over and as a result, the
market soon became oversupplied. The failure of the farming
ecaonomy was particularly hard-felt in central Arizona,
because the end of the war meant the end of the cotton boom.
Having allocated nearly all of their acreage to cotton,
Agsoclation farmers could not quickly readapt to the changed
farming market. After reaching record per pound return in
1919, cotton seed plummeted in 1920 to $4.50 per acre. 1In
1920 an Assoclation farmer could produce about 250 pounds of

{ Footnote Continued)
1922. Copy of letter available at the Salt River Project
Research Archives.

18Salt River Valley Water Users' Crop Reports,
1914-1915, 1915-1916, 1916-1917, 1917-1%518, 1%18-1919.
Copies are available at the Salt River Project Research
Archives. Salt River Valley Water Users' Association,
Historvy of the Salt River Proiject For the Period October 1,
1919 to September 30, 1920, Phoenix: Salt River Project
Research Archives, 9-10, 14-F; Salt River Valley Water
Users' Assoclation, History of the Salt River Project For
the Periocd QOctober 1, 1920 to September 30, 1921, Phoenix:
Salt River Project Research Archives, 10-12. The price of
cotton during the war peaked at approximately $1.25 per
pound. Its value in 1988 was approximately $.65 per pound.
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long staple cotton per acre. After raising, picking and
ginning, the cost of the acre yield equaled $150. The
farmer, however, coculd only sell the crop at approximately
$.30 per pound or $7518er acre. This return amounted to
only half his costs.

Other c¢ircumstances worsened the Association's financial
situation. The cessation of the wartime economy also
brought a decline, though less dramatic, in the copper
industry. This meant a drop in income for the Association
because the copper mines were its largest customers of
hydroelectricity. Revenue received from Inspiration Copper
Company, the largest user of hydroelectricity, dropped by
nearly a third from 1920 to 1921. Also affecting the
Association’s prosperity was a severe summer drought. This
caused local stockmen difﬁaculty in purchasing adequate
supplies of winter feed.

Beyond the effect the farming collapse had on the individual
farmer, the Association became very worried that it would
not have sufficient revenue to meet its annual assessment to
the federal government. Under the 1917 agreement, the
Assoclation was required to pay $203,320 annually to remit
the government's expenses in the construction of the Salt
River Project. Due to the nearly ruinous post-war economic
conditions, Frank Reid did not think the Association would
have the funds to meet its December 1, 1920 installment
deadline. ©On November 13, 1920, Reld wrote Director of the
Reclamation Service A. P. Davis that the Assoclation had
collected only $181,000, less than half its assessments
which were due on September 1. Reid also stated that since
the Valley banks had depleted most of thelr resources in
financing eighty percent of the 1919-1920 crop, and since

19The nation's wholesale price index for farm products
dropped ninety polints from 1920 to 1921 or from 211 to 121.
The wholesale price index for farm products was given a
value of 100 for the price of farm goods for the period 1910
to 1914. Richard B. Morris, ed., Encvclopaedia of American
History, 6th ed, (New York: Harper and Row, 1982): €93-694;
History of the Salt River Project For the Period Octoher 1,
1920 to September 30, 1921, 11.

20History of the Salt River Project For the Period
October 1, 1919 to September 30, 1920, 171; History of the
Salt River Project for the Period, October 1, 1920 to
‘September 30, 1921, 10-12, 257-258. Association revenue
from Inspiration in 1919-1920 was $170,130. In 1920-1921 it
fell off to $121,567. The 1920 drought caused Association
farmers to pump to 93,000 acre feet in 1920-1921.
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the banks had not received an appreciable return from their
lecans, they were not able to provide further resources to
fund the Association's 1920 repayment obligation. Reid
wrote, o

The condition in this valley, I do not presume,
is any different from the prewvailing condition
throughout the United States at the present time;
there being no market for any farm products other
than the necessities. This condition does not
give the shareholders of this valley sufficient
funds to meet their cobligations to the Association;
and as stated before the banks having practically
used up all their resources in the financing of
the present crop are not in a position 5? make
further advances, hence our condition.

Reid was able to convince the Reclamation Service to allow
the Association until March 1, 1921 to make its December 1,
1920 payment. Although Davis permitted the extension, he
did not understand how the Association did not have the
resources to make payment. Davis knew that although the
Association may not have collected its acreage assessments,
it had received its electrical revenues. He believed the
Association could meet the repayment schedule using its
power 1income alone, which amounted to $356,000 for the year
ending September 30. Davis granted the delay, but
maintained that the Association be assessed a Einalty of one
percent per month for the three month pericd.

21See Part IV of the 1917 agreement between the United
States and the Association. Frank A. Reid to A. P. Davis,
November 13, 1922, Record Group 115, Records of the U.S.
Bureau of Reclamation, General Administration and Project
Records, 1919-1929, National Archives, Washington D.C. Copy
available at the Salt River Project Research Archives.
Additional correspondence regarding the repayment issue is
contained in this record file. A copy of the file is
avallable at the Salt River Project Research Archives.

22Telegram to the Association from A. P. Davis,
November 21, 1920; Morris Bien, Assistant Director, _
Reclamation Service to F. A. Reid, November 27, 1920; F. A.
Reid to Morris Bien, February 19, 1921; and A. P. Davis to
the Secretary of the Interior Jchn B. Payne, February 19,
1921, Record Group 115, Records of the U.S. Bureau of
Reclamation, General Administration and Project Records,
1919-1929., See also History of the Salt River Prciject For
the Period October 1, 1919 to September 20, 1920, 172. . The
(Footnote Continued)
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Between November and March 1921, the farm market had not
improved. Consequently, Reid asked for another extension,
this time until November 1, 1921. The Association president
argued that power revenues were needed to meet the project's
operation and maintenance expenses and therefore were not
sufficient to cover both costs. The Association had needed
to spend money to repair flood damage and to develop further
its groundwater drainage program. Agaig Davis approved the
extension with the penalty provision.

The Association did not make its payment when November 1
arrived. 1In December, Reid wrote Secretary of the Interior
Albert B. Fall, explaining that again the majority of the
Association membership had not been able to pay their
assessments. Approximately $380,000 in Association
assessments were past due. In addition, the 1920 and 1921
cotton crops had been only partially sold and Valley banks
had again lent to their limits. Reid stated that if the
Assoclation was given a third extension, until December 1,
1922, it would be able to meet its payment obligations. If
the federal government did not permit ancther delay, Reld
stated that sixty percent of the Assocliation's farmers would
be unab134to farm and 120,000 acres would have to lay
fallow. _

{Footnote Continued)

one percent penalty for the extension was provided for in
Section Six of the 1914 Reclamation Extension Act. See
Pelz, Federal Reclamation and Related Laws Annotated, 188.

23A. P. Davis to John B. Payne, February 19, 1921,
Record Group 115, General Administration and Project
Records, 1919-1929. During the winter of 1919-1920,
flooding caused $84,000 damage to the south haunch of
Roosevelt Dam. By 1921 drainage had become a very serious
problem. About 5,000 acres had become entirely unproductive
and another 60,000 acres were quickly becoming waterlogged.
See drainage reports in the 1918-1920 History of the Salt .
River Project beginning on page 100 and in the 1920-1921 -
History of the Salt River Project beginning on page 95.

24In his letter to Secretary Fall, Reid first claimed
that the Association did not make payment on December 1,
1921 because it had been granted an extension until December
1922 in a letter written from Fall to A. P. Davis on May 18,
1921, Reid's assumption was false. F. A. Reid to Albert B.
" Fall, December 17, 1921; and E. C. Finney to F. A. Reld,
January 6, 1822, Record Group 115, General Admlnlstratlon
and PrOJect Records, 1919 1929.
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When Davis recelved Reid's petition for a third delay, his
patience ended. For over a year Davis believed that despite
the Assoclation's very sick farm income, it received enough
money from its power receipts alone to meet its federal
debt. 1In November, the Reclamation Sexrvice had two
consultants examine the Salt River Project's financial
condition. The consultants reported that the the valley
farmers had the means to pay their assessments and that the
Association had the funds to make its repayment
installments. The conclusions of this report, combined with
his previous belief, led Davis to think that the Reclamation
Service should consider withholding water from the
Association. Davis wrote that there was,

no basis for recommending to the Secretary
that he should further delay action looking
to the withholding of water supply to
delinquent water-users on the Salt River
Project unless substantial payments are made,
equal at least to the amountzdue December 1,
1920 and accrued penalties.

In a lengthy letter to Davis written in early January 1922,
Reld refuted the consultants' financial evaluation of the
project. Reid explained in greater detail the Association's
plight. Valley banks were carrying $14 million in crop
investments from 1919 to the present. The Association still
needed to expend significant resources to remedy drainage
problems and repair winter flooding damage. <Concerning the
Association's power revenue, Reid stated that the actual
revenue from hydroelectric sales, after repaying monies
advanced for the construction of the Chandler Power Plant,
‘and for operation, maintenance, and transmission upgrades,
was actually only $372,000, much less than the $455,0096the
Assoclation owed for two installments plus penalties.

25The Association's power receipts for 1920-1521
equaled $336,000. History of the Salt River Project For the
Period October 1, 1920 to September 30, 1921, 255. L. N. _
McClellan and Walter Ward, "Report on Examination Salt River

Project - Arizona," November 5, 1921, 1-6; and A. P. Davis . ..

to F. A. Reid, December 30, 1921, Record Group 115, General
Administration and Project Recorxds, 1919-1929.

: 2GReid estimated Valley flooding damage for 1919 and
1921 at $1.816 million. Reid also made his case by arguing
that over fifty percent of Maricopa County residents were in

v arrears in paying their county taxes for 1920 and 1921. F.

A. Reid to A. P. Davis, January 9, 1922, Record Group 1105,
General Administration and Project Records, 1919-1929.
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Despite Reid's impassioned plea, the Reclamation Service
still believed that the Association could make payment. It
remained unconvinced that power revenues were not
significant enough to cover the Association debt. It also
remained unconvinced that Valley farmers could not make
money raising cotton. And finally, the Service believed
that if the Association's financial condition was as poor as
it argued, than it should have deferred some of its $783,000
ceonstruction expenseg-over the past two years to pay the
federal government.

Whether the Association had sufficient funds to pay its
annual installments was clearly a matter of opinion. Davis
thought the Association could if it made repayment a
priority. Reid and the Association thought drainage -and
flood damage repair more important than meeting the federal
debt. Regardless, the Reclamation Serwvice and the
Association reached an agreement concerning repayment in
July 1922.

Under the terms of the 1922 contract, the Association agreed
to meet specific repayment deadlines for 1922 and 1923. It
also agreed to assign all power revenues to the repayment
charges until those fees had been collected. After the
repayment amount had been collected, the Association ceould
use its power receipts for its own purposes for that year.
If the Association was delinquent in its repayment after
thirty days, the United States had the rigag to take
possession of the project's power plants.

27Consultant McClellan computed total gross revenue for
Association net power recelpts from 1919 to 1921 at
$£702,000, This was more than enough to pay the
Association's delinquent installments. For Association
construction expenses, see document titled "Constructien
1919-1920 and 1920-1921" attached to Reid's February 15,
1922 letter. -Memorandum from the Chief Engineer,
Reclamation Service te L. N. McClellan, February 15, 1922;
and Walter Ward to the Chief Engineer, Reclamation Service,
February 24, 1922, Record Group 115, General Administration
and Project Records, 1919-1929.

28"Contract Between United States and Salt River Valley
Water Users Association, Supplementary to Certain Contracts
Dated Respectively, June 25, 1904 and September 6, 1917,"
Record Group 115, General Administration and Project
"Records, 1919-1929. The July 1922 contract was the result
of a conference held at Secretary Fall's office on June 23,
{Footnote Continued)
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The July 19222 contract included one other provision
important to the Asscciation. Under section fifteen,
Secretary Fall approved the Association's hydroelectric
expansion program. The Cragin report had been presented to
the Secretary on June 23 when the Association, the
Reclamaticn Service, and the Bureau of Indian Affairs met to
discuss conditions generally in the Salt River Valley. The
contract gave preliminary approval for hydroelectric
expansion with final approval contingent upon the Service's
favorable review of the Association's specific construction
plans. By this time, Cragin and Reid had rejected financing
the plan through advance payments, opting instead foggthe
Assocliation to issue bonds for the amount required.

Having rescheduled the repayment debt to the United States
and secured Secretarial authority teo expand, all Reid and
Cragin needed to do was obtain Association Board of
Governors' approval. Convincing the Board was not difficult
because prosperity had returned momentarily to the Valley in
1922. The project produced its greatest power income in its
history that year. The Association generated §5 million
kilowatt hours of electricity which returned $447,059 1n net
power revenues. This exceeded the previous record by over
$100,000. Farming wealth also returned to the Valley. The
1921-1922 crop gross value was $15.5 million or nearly fifty
percent higher than the previous year. The 5ssoc1atLon also
collected $445,000 in acreage assessments.

{Footnote Continued)

1922. A. P. Davis to Albert Fall, June 24, 1922, Record
Group 115, General Administration and Project Records,
1919-1921. The July contract was preceded by federal
legislation passed in March 1922 which gave water users on
federal irrigation projects a two year delay in meeting
their construction repayment charges. See the March 31,
1922 Act titled, "Relief To Water Users," (42 Stat 489), in
Pelz, Federal Reclamation and Related T.aws Annotated, 293.
Under the terms of the July contract, the Association was to
assign all power revenues to the annual repayment
installments until all federal construction costs for the
Salt River Project had been repaid. The contract also
concerned issues regarding water and power for the Salt
River Indian Reservation.

ngbid. Under the 1917 agreement, the Association
needed to obtain the Secretary of the Interior's approval if
it planned to add significantly to the project's system.

. 3OGross farming income for 1920-~1921 was $11,435,384.
Salt River Valley Water Users Association, History of the
(Footnote Continued)
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In November 1922, Cragin and Reld formally took their cause
to the Board. Both men argued only for the construction of
Meormon Flat Dam and improvements %to Roosevelt, probably
because they were not certain the Board would approve
issuing debt for the entire $5.9 million plan at once.

Given the recent shaky financial situation, this was not
surprising. Cragin reminded the Board that the power system
in its present state varied in output from 3,000 kw to
18,000 kw in wet years, and 2,500 to 7,000 kw in dry vears.
This widely fluctuating lcad operated at a reduced rate
because of its variance and, Cragin stated, it was "an
invitation to disastrous competition from any other power
company with a more stable commodity to sell." Cragin again
made the point that the Association's $4.5 million
investment needed to ke protected. If the Association made
the $1.8 million recommended additions to Roosevelt and .
constructed Mormon Flat Dam, which he promised could be
accomplished in twelve months, an additional 55 millien
kilowatt hours of hydroelectricity above the present ocutput
would ke generated. Within a few years the increased power
output made available would *operate the entire Salt River
Project", pay interest on the bonds issued to fund the
construction, pay the U.S. its installments, and provide
$50,000 per vear for project improvements. After the
federal debt had been retired in 1936, Cragin estimated that
power revenue would pay all project expenses and produce a
surplus, above depreciation, of over $400,000 per year. If
the Association failed to expand, Cragin warned the board
that 'the present strategic position of the Associag}on with
respect to [the] Arizona.market is doomed . . . ."

Reid completely supported Cragin's assertions. He also
stated that an expanded power system would substantially
reduce water fees. Assessments would not exceed $1.27 per
acre per year, considerably less than all previous fees,
which were as high as $4.00 per acre per year. Beyond the
added income, Reid claimed that water developed through
Mormon Flat Dam would permit cultivating an additiconal 8,000
acres within the project. In summary, Reid stated, '

I cannct emphasize too much . . . Mr. Cragin's
report. We are in the power business [emphasis
added]. We cannot afford to stay out of the

{Footnote Continued)
Salt River Project For the Period October 1, 1921 to
September 30, 1922, 9, 16, 24, 227-228, 231-232.

) 31Minutes, Board of Governcrs of the Salt River Valley
Water Users' Association, November 15, 1922. Cragin stated
that his income estimates were conservative.
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power business with the large and growing
demand for pumping on our project and power
needs on the farm. Never in the history of
the Valley has there been greater need for
vision on the part of the members of the
council and Board of Governors to see EBis
great opportunity of our Association.

With Reid's support, the Association Board of Governors
unanimously resclved to support Charles Cragin's
hydroelectric expansion plan which it called Mormen Flat
Development No. 1. Under the resolution, the Board planned
for a special election of the Association shareholders to
vote on issuing $1.8 million in bonds to fund the
construction of Mormon Flat Dam and the recommended
improvements to Roosevelt Dam. The conclusions Cragin
reached in his hgﬁroexpansion development study were nearing
implementation.

32F. A. Reid to the Members of the Council, Salt River
Valley Water Users' Association, November 16, 1922, Research
File 480.1, Salt River Project Research Archives.

33The resolution called for a bond igssue of $1.8

-~ million at six percent interest repayable in 15 to 25 years.

Minutes, Board of Governors of the Salt River Valley Water
Users' Association, November 15, 1822,
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Chapter Three: The Construction of Mormon Flat Dam

After winning the Association Board's endorsement of the
Mormon Flat plan in November 1822, Reid and Cragin
campaigned wvigorocusly to sell the development to the
Association farmers. This they did primarily through The
Associated Arizona Producer. First published in March 1822,
The Producer's purpose was to promote agricultural
development in the Salt River Valley. The bimonthly tabloid
was established, in part, by the Association and was
distributed free to all its shareholders. Through December
and January, the periodical ran a series of lengthy, front
page articles selling the hydroel?ctric expansion plan to
the Association's sharehcolders.

Under an article entitled, "The Mormon Flat Development Plan
and Its Possibilities," published December 1, 1922, editors
of the The Producer stated there was no recently planned
development of rescurces in central Arizona that "equalled
in importance, feasibility and practicality" the Mormon Flat
project. The article reiterated the reasons Reid and Cragin
used to win the Board's approval: the construction of Mormon
Flat Dam would provide "continuous generation of power at
Roosevelt throughout the entire vear" by eliminating the
wide fluctuation in power production in the winter months.
Income generated from the increased capacity at Roosevelt,
estimated at fifty million kilowatt hours, would nearly
triple annual gross power revenues to one million dollars.
The additional revenue would pay the Association's federal
debt, all project operation and maintenance costs, the
interest on the constructicn bonds, and eventually the
bonds' principal. Construction of the dam would also
provide a faster water delivery time to the Granite Reef
"Diversicn Dam. Finally, Mormon Flat would capture water
from an additional 350 mile watershed. Ninety thousand acre
feet developed at Mormon Flat, along with 250,000 developed
at Roosevelt, would irrigate an additional 8,000 acres of
Association dry lands. The editors confidently stated, "In

lIn its first issue, March 15, 1922, The Producer was
listed as the official organ of the Arizona Pima Cotton
Growers, the Salt River valley Water Users' Association, the
Arizona State Farm Bureau, the Arizona Grain Growers, the
Roosevelt Hay Growers, the Arizeona Dairy Producers, the
Arizona Poultry Producers, the office of the County Farm
Agent, the Maricopa County Poultry Association, and the
Union of Melon Growers. By the end of 1923 the
publication's office moved to the basement of the
" Association's office in Phoenix and the Association took
primary responsibility for the tabloid.
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the construction of the Mormon Flat dam shareholders of the
Salt River Valley Water Users' association [sic] are [would
be] deoing merely 5hat is the logical and consistent thing
for them to deo.™

Appearing under the title, "Salt River Valley Farmers Have
Store of Gold in Lake," in 1ts December 15 issue, The
Producer heralded, "More than $400,000 a year profit! Four
hundred thousand dollars a year profit from the blue waters
of Recosevelt lake. This is the Mormon flat development in a

nutshell." The only cost to the Association, the editors
argued, would be "the time taken to go to the polls and vote
for it on January 4." Although the cost for the

construction of Mormon Flat and the improvements to
Roosevelt was estimated at $1.8 millicon, the article again
detailed how the additional revenue from increased power
Sales at Roosevelt would pay the cost of the development and
reduce the shareholder's acreage assessments to "not more
than $1.30 per acre," or even pessibly "wipe out water
assessments completely." Therefore, th@ only cost to the
shareholder would be the time to wvote.

In the last issue appearing before the bond election, Louis
C. Hill, engineering consultant for the Association and
former Reclamation Service supervising engineer for the
construction of Rocsevelt, authored a Producer article
titled, "Financial Aspects cf Salt River Plan Given by
Expert." H1ll completely supported the Mormon Flat plan.
He, too, argued the soundness of the project's finances for
the following reasons: the avallable connected electrical
load greatly exceeded the combined capacity of all
Assoclation plants including the planned increase at
Roosevelt. The Assoclation needed to strengthen its
electrical output and hence increase its electrical rates by
developing a dependable production lcad, one that did not
vary with the irrigation demand. Bevyond the Association's
need for power for drainage and groundwater pumping, Hill
also recognized the existence of several large electrical
users in the Valley which desired a firm power supply. For
an investment of less than two million dellars, Hill
concluded, the Association could irrigate more land, store

2"The Mormon Flat Development Plan and Its
Possibilities," The Associated Arizcona Producer 1 (December
1, 1922): 1-2.

. 3"Salt River Valley Farmers Have Store of Gold in
" Lake," The Associated Arizona Producer 1 (December 15,
1922): 1-2.
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more water, bhetter control the Salt R%ver, and increase its
gross revenues by $400,000 per vyear.

The Asscciation asked its shareholders to vote on several
proposals at the January 4 special election.

1. Should the Mormcon Flat Development Number
1 as presented to the Association Board
of Governors on November 15, 1922
be ratified?

2. Should $1.8 million in bonds be issued
to finance the construction?

3. Should the Board be given authorizaticn
to levy assessments against the
sharehclders' acreage to assure payment
of the interest and principal ¢f the
bonds?

4. Should the Association's articles of
incorporation be changed to reflect
the additional indebtedness and to
extend the life of the corporation an
additional twenty five vears?

The campaign to sell the Mormon Flat development proved

effective. The expansion program passed, 98,838 votes were

cast in favor and 7,065 votes opposed. Reld and Cragin
succeeded again. As The Producer bragged earlier, the

Association was now ready to '"make the largest and most

ﬁemuner%tive power project in the southwest an accomplished
act."

4”Financial Aspects ¢f Salt River Plan Given By
Expert," The Associated Arizona Producer 1 (January 1,
1823): 1-2. . :

5"Salt River Valley Water Users' Assoclation, Special
Election, January 4, 1923, Official Ballot," Record Group
115, Records of the Bureau of Reclamation, Geheral
Adninistration and Project Records, 1919-1929, National
Archives and Records Administration, Washington D.C. Copy
available at the Salt River Project Research Archives. Salt
River Valley Water Users' Association, History of the Salt
River Project For This Period, Qctober 1, 1922 to September
Phoenix: Salt River Project Research Archives,

30, 1923.

13.

6"The Mormon Flat Development Plan and Its
Possibilities," 1; "Farmers Start Operations On Mormon Flat
Development," The Associated Arizona Producer 1 (January 15,
(Footnote Continued)
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Reid and Cragin were confident that the Association's
shareholders would approve the Mormon Flat plan. ©On the
same day the special election was held, they released the
development's bond prospectus. It explained, among cother
peints, the purpose of the bond issue, feasibility of ‘
construction, the local power market, and the develcopment's
anticipated earnings. The investment advertisement also
provided recent annual crop reports, photographs, legal
documents, and Hill's previous Preoducer article which
concludgd, "In no case could the Water Users' Association
losge."

Between January and March 1923, copies of the bond
prospectus were distributed nationally to financial
institutions. ©On March 22 all bids were opened. The
winning bidders were Citizen's National Bank of Los Angeles
and Amadeo Giannini's Bank of Italy of San Francisco. The
bid price was $.94 of par value at six percent interest,
payvable in fifteen to twenty five years from date of
issuance. The Board accepted the amount, although it had
hoped for better, because these bonds were the first issued
by the Association and carried the "burden" of income tax.
Additionally, Reid and Cragin did ncot want to delay
beginning at Mormon Flat because they had already begun work
at Roosevelt and it was nearing completion. They could not
afford to hawve their construction crews remain inactive
while the bonds were out for bid. Cragin estimated it would
cost the Association $40,000 per month for delaving the
construction of Mormon Flat.

(Footnote Continued)

1928): 5. The Producer did not report on the voting for
each proposal. Presumably the vote total reflects the
compilation of all yves and no wvotes for all proposals.
Acreage voting is the Association's standard voting
procedure, as provided for in 1ts Articles of Incorporation
and affirmed recently by the U.S. Supreme Court in its 1981
decision in James v. Ball.

7"Salt River Valley Water Users' Association {Roosevelt
Dam Project), 6% Gold Bonds," January 4, 1923. Box 9300,
Salt River Project Research Archives.

8History of the Salt River Project For This Period,
October 1, 1922 to September 30, 1923, 11-13, 107. "Bonds
Are Sold," The Assgociated Arizona Producer 1 (April 1,
1923): 9. '"Mormen Flat Bonds - Transcript of Proceedings,
1923," RF1-#18; "Mormon Flat Bonds - Trust Indenture,
Citizens Trust and Savings Bank, $1,800,000, 6% Gold Bonds,
"1923" RF1-4#18; "Mormon Flat Bonds - Arizona Corporation

(Footnete Continued)
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Although the bonds were approved, interim certificates were
sent to the banks because the legality of the bond issuance
needed to be clarified. The Mormon Flat bonds were
considered to be the first ever issued by an organization
holding an outstanding debt to the federal government.
Selling the securities presented two legal questions. What
restraints, if any, did the federal government's prior lien
hold on the project? What conflicts existed between the
bond issuance and Association's articles of incorporation
and the state corporation laws? These questions were
answered in two friendly law suits decided by the Arizona
State Supreme Court. The decisions, rendered by September
1923, were decided in favor of the Association in that they
did not impede thg organization from forwarding its
financing plans.

Before the litigation and the outcome of the bond electicn
were settled, Reid and Cragin began the Association's
hydroelectric expansion program in December 1922 with work
at Roosevelt. The Roosevelt construction was to develop an
additional 10,000 horsepower at the power plant, making the
plant's total output approximately 25,000 horsepower. This
was accomplished by constructing nineteen Taintor gates, ten
in the south spillway and nine in the north spillway. The
new, fifteen foot high gates, each measuring fifteen by
twenty one feet, gave the reservoir an additional 270,000
acre feet of capacity or 1.637 million acre feet of total
capacity. The additional height gave the power plant a
higher head. With this, the Association constructed another

{Footnote Continued)

Commission, 1923," RF1-#18; "Mormon Flat Bonds - Legal
Cpinions, 1923," RF1-#18; "Mormon Flat Bonds - Miscellaneous
- Sec'y. of Interior Approval, Resolutions, Legislation,
etc., 1923," RF1-#18, Corporate Secretary's Office, Ssalt
River Project, Tempe, Arizona. Gilannini's Bank of Italy
eventually evolved into the Transamerica Corpecration. The
decision to accept the bid was made by a committee of Reid,
Association Vice-President C. S. Stewart, and three
prominent Phoenix businessmen: Dwight B. Heard, Charles
Akers, and T. C. McRevnolds. The last concrete poured for
the splllway plers at Roosevelt was accompllshed in early
March 1923.

9History of the Salt River Preoiect For This Period,
October 1, 1922 to September 30, 1923, 11-12; "Mormon Flat
Dam Work Starts," The Associated Arizona Producer 2 (August
1, 1923): 2. The two lawsuits were: Orme v. Salt River
- Vallev Water Users' Asgociation, 25 Ariz. 324; and Green and
‘Griffin Real Estate and Investment Company v. Salt River
Vallev Water Users' Agsoclation, 25 Ariz. 354.
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penstock from the main sluice gate chamber. The new
penstock was fourteen feet in diameter and 180 feet in
length and served a 7,500 kw generating unit. In addition,
the Asscciation moved the power plant's transformer
equipment from the transformer house located downstream of
the power plant to the top of the power plant. This was
done t£o eliminate the interruptions in service due to the
heavy spray falling upon the wires crossing the south
spillway at times when the reservg&r was overflowing. The
work at Roosevelt cost $563,000.

While work was underway at Roosevelt, Cragin drafted an arch
design for Mormon Flat. The plan for Mormon Flat Dam
departed dramatically from the design the U.S. Reclamation
Service used for Roosevelt. By the 1920s dam design
technology had progressed significantly from the turn of the
century. Consegquently, the design used in constructing
Roosevelt Dam had become obsolete. Built as a gravity dam,
Roosevelt's success, like all gravity dams, relied on one
simple principal: the measure of the structure's height and
corregponding mass. Gravity dams work because the dam's
height and thickness ratio, generally three to two,
translates to a sufficient mass which resists water pressure
by the force of gravity pulling the structure's weight down.
Explained ancother way, the friction created between the dam
base and fouE?ation is sufficient to resist the calculated
water load. .

lOFor more complete details on the Roosevelt Dam
modifications, see History of the Salt River Proiect For
this Pericd, October 1, 1922 to September 30, 1923, 14,
107-111, and pheotographs on pages 112-118; Salt River Valley
Water Users' Asscciation, Historv of the Salt River Project
for This Period, Qctober 1, 1923 to September 30, 1924,
Chapter II, "Engineering,"” 1-3 and following photographs;
and T. A. Hayden, "Salt River Project, Arizcona, Irrigation
and Hydroelectric Development by Salt River Valley Water
Users' Assoclaticon = Six Major Dams," Western Construction
News 5 (June 25, 1930}: 298-300. A six hundred horsepower
unit was also added at Roosevelt to provide power to the .
plant.

llFor a clear description, with an illustration, of how
a gravity dam resists water load, see Donald C. Jackson,
"John S. Eastwood and the Mcuntain Dell Dam," The Journal of
the Society For Industrial Archaeclogy 5 (1979): 37-38.
Rocsevelt Dam is arched but it operates as a gravity dam.
. Arching was added to give the structure an additional safety
‘factor. For a good discussion on dam development see Donald
{Footnote Continued)
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The extensive amount of material needed in constructing a
gravity designed dam meant higher costs. To remedy the
ever-increasing material, labor, and freighting costs in
constructing gravity dams, engineering technology advanced
the use of the arch design. The material's strength, and
its placement in the form of an arch, not material mass,
determines an arch dam's success. Curved upstream in plan,
the arch dam uses the compressive strength of the
structure's construction material, usually concrete, to
deflect or transmit water lcad by arch action or thrust to
the dam's abutment walls and foundation. The cantilever
load carried by the dam face is resisted by the compression
strength of the construction material. Unlike the gravity
design, the arch dam's use of material strength, therefore,
gives it structural merit. It did not rely on material
weight or volume. This meant that the arch design resulted
in a more economical and efficient use of material. The
reduction in constructioszaterial made it appreciably less
expensive to construct.

(Footnote Continued)

C. Jackson, "A History of Water in the American West: John
S. Eastwood and "The Ultimate Dam" (1908-1924)" (Ph.D.
dissertation, University of Pennsylvania, 1986), 53-150; and
FEdward Wegmann, The Design and Construction of Dams (New
York: John Wiley and Sons, 1927): 1-220. For a general
history on dams, see Norman Smith, A History of Dams
(Secaucus, New Jersey: The Citadel Press, 1972}.

12For a thorough and excellent discussion of the
evolution of the arch dams in the United States see section
three, written by Jan A. Veltrop in Eric B. Kollgaard and
Wallace L. Chadwick, eds., Development of Dam Engineering in
the United States (New York: Pergamon Press, 1988} : 219-554.
The chapter also gives -a valuable list of references at the
conclusion of the section's text. See pages 314-317. For a
good discussion on structural design versus the "aesthetic
of mass," see David P. Billington, The Tower and the Bridge,
The New Art of Structural Engineering {New York: Basic
Books, 1983), and B. F. Jakobsen, "Volume Relation of
Constant Angle Arch Dams and Gravity Dams," Engineering and
Contracting 54 (December 8, 1920): 554. Beyond the
structural advantages of the arch design, Jakobsen stated in
his article that the design was significant because the
“"main aim of engineers should be to bring down the cost of

" engineering structures.”
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The use of the arch in dam construction dates to the Roman
period. Over the centuries its application faded in Europe
and in the Middle East. However, beginning in the late
nineteenth century it developed growing popularity in the
American West. The demand for low cost irrigation, flood
control, and hydroelectric works, particularly in
California, provided the impetus for the design's
resurgence. The first American arch dam of note was Bear
Valley Dam, completed by the Bear Valley Mutual Water
Company in 1884 in the San Bernardino Mountains east of Los
Angeles. The dam was 64 feet high but only 22 feet thick, a
height to width ratio of nearly three to one. The design
was considered so radical that it was referred to by James
pix Schuvler, a noted hydrologic eﬁgineer of the period, as
the "eighth wonder of the world."”

After the success of Bear Valley Dam, the construction of
other, larger, and more bold arch dams guickly followed.
Perhaps the most daring of all arch dams to follow Bear
Valley was the Upper Otay Dam which was completed in 1901.
Built on the north branch of the Otay River outside the City
of San Diego, the dam was 89 feet in height with a base
thickness of only 14 feet. At the time of its completion
Schuyvler termed it the "slf&derest dam in California or any
other part of the globe."” Because of the contributions
Bear Valley, the Upper Otay, and others made to dam design

13For a review of Roman and Middle Eastern dams, see
Smith, A History of Dams, 25-74. See alsco, Wegmann, The
Design and Construction of Dams, 54-127. U.S. Department of
the Interior, Geological Survey, "Reservoirs for
Irrigation,” Eighteenth Annual Report of the United States
Geological Survey, 1896-1897, Part IV Hvdrographv.
(Washington D.C.: Government Printing Office, 1897);
Kollgaard and Chadwick, Dewvelopment of Dam Engineering in
the United States, 225-235. See pages 234-235 for the
common characteristics of early arch dams. The original
Bear Valley Dam, constructed of masonry block, was replaced
by a more conservative concrete, multiple arch design built
in 191l1. For more on the reconstructed Big Bear Valley Dam,
see Jackson, "A History of Water in the American West,"
315-327. ' o

14James Dix Schuyler, Reservoirs for Irrigation, Water
Power, and Domestic Water Supplvy, lst ed., (New York: John
Wilev and Sons, 1905), 342-343, For a list of landmark arch
dams, their concrete volumes, major dimensions, and ratios,
. see Tables 3-1 and 3-2 in Kollgaard and cChadwick,
Development of Dam Engineering in the United States,
228-2340.
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technology, by the 1920s arch dams had become the preferred
design type for narrow "U" or "V" shaped canycns. By 1922,
more than eighty single arch dams and twenty—th multiple
arch dams had been constructed in California.

In drafting the Assoclation's design of Mormon Flat Dam,
Charles Cragin was well aware of California's use of the
arch design. He was familiar with the design specifications
and construction methods of many of these dams through his
association with Schuyler and other engineers who were
members of the American Society of Civil Engineers. Cragin
also drew experience from his activities in the design
review and construction supervision of Cave Creek Dam,
completed north of Phoenix in March 1923. Constructed as a
flood contrel dam, Cave Creek employed a radical multiple
arch design which used a minimum amount of concrete. Cragin
was also aware that by 1923 another design appeared even
more attractive than standard cylindrical arch or the
multiple arch type for Mormon Flat, one which used even less
constructiocn Tgterial than either the gravity or traditicnal
arch design.

In 1913, the Danish-born Lars Jorgensen, working as a
consulting engineer in San Francisco, promoted a variation
to the arch design. He suggested that the upstream radius,
held constant in arch dams, be varied at different
elevations. This would produce two benefits. More "economy
of material" would result, and thfge would be greater arch
action near the base of the dam.

15For a thorough discussion on the multiple arch dam
and John 8. Eastwood's contribution to the development of
it, see Jackson, "A History of Water in the American West."

16For more on Cave Creek, see Wegmann, The Design and
Construction of Dams, 482-486. In Wegmann, Cave Creek 1s
referred to as "one of the most remarkable and boldest
structures of the multiple-arch type that has been built."
Jackson, "A History of Water in the American West," 638-653.
Concerning Cragin's experience with Cave Creek, see .
Introcago, "The History of Water Storage Development on the
Agua Fria River," 83-84, 89-90. The Association did not
construct Cave Creek but it did review and approve the
design and partially fund the dam's construction.

17Lars Jorgensen, "The Constant-Angle Arch Dam,™.
Transactions of the American Societv of Civil Engineers," 78
- {1915): 685-721. Lars Rasmug Jorgensen, was born in
Faaborg, Denmark in 1876. Previous to his work in San
(Footnote Continued)
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Jorgensen argued that the greatest economy of material in
constructing an arch between two abutments must
thecoretically subtend an angle of 133 degrees and 34
minutes, or more practically 120 degrees. Maintaining a
constant or central angle of this size from abutment to
abutment and from c¢rest to foundation would produce the
maximum economy of material volume in any horizontal slice
of the design. To maintain this angle, Jorgensen stated
that the radius should decrease from the crest to lower
elevations "in the same proportion as the canyon becomes
narrower.”" 1In the constant radius design this did not
happen. The angle in the constant radius became smaller at
lower elevations. This resulted in the lower elevations
losing arch action, leaving them to carry hydfgstatic
pressure using cantilever or gravity action.

Jorgensen demonstrated the advantages of his variable radius .
arch design by explaining that it was able to resist full
load better because it maintained its arch deflection
strength by not flaring out at the foundation as the
constant radius design did. Jorgensen argued that the
deflection of an arch when stressed is proportional to the
square of the length of the upstream radius. Therefore,
since the radius lessened appreciably from the crest to the
foundation, say for instance by four times, the deflection
at the foundation would be sixteen times less than at the
crest. The wvariable radius would then ke able to carry

(Footnote Continued)

Francisco, Jorgensen was employed by General Electric,
Edison Electric, the Abner Doble Water Wheel Company,
California Gas and Electric Corporation, and the F. G. Baum
Company. His work concerned designing steam turbines,
hydraulic power stations, rallway systems, and masonry dams.
In 1919 he formed the Constant Angle Dam Company of San
Francisco to forward his variable radius, constant angle
arch design.

18Between the angle of 120 and 150 degrees the
variation in material volume is small; outside these limits,
Jorgensen noted, the volume amounts increase "rapidly.' .
Lars R. Jorgensen, "The Constant-Angle Arch Dam,'" 685-69Z.
See also Figures 1 and 2 at pages 689 and 690. Jorgensen's
proof for economy of material volume begins at page 689.
Kollgaard and Chadwick, The Development of Dam Engineering
in the United States, 245-246. For a good illustration
showing the differences between a constant radius arch dam
and a variable radius dam, see Figures 15 and 16 in Julian
Hinds', "Continuous Development of Dams Since 185Q0,"

“Pransactions of the American Society of Civil Engineers," CT

(1953): 506-507.
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"sixteen times as much load at the bottom as an ordinary
arch having a constant up-stream radius." Jorgensen
concluded that his modified design would result in a
materials savings of thirty-three percent over a gravity
design and at the "same time possess a factor.of.fgfety more
than twice as great as that of the gravity dam.”

Soon after Jorgensen introduced the constant angle, variable
radius design, several dams were constructed and operated
safely using the variable radius plan. Consequently,
Jorgensen's cone shaped dam design appealed to Charles
Cragin. The variable radius design was feasible for Mormon
Flat because the dam site approximated an almost ideal
narrow "V" shape. More significantly, because the design
used a minimum amount of material, the Association knew that
it could advance its hydroelectric expansion plan at minimum
cost. This was important since the Association and its.
farmers were just recovering from the post-World War I
economic downturn. Using the wvariable radius design, Cragin
originally estimated that dam would cost 5%.079 million or
well within the $1.8 million bond issue.

l9Lars R. Jorgensen, "The Constant-Angle Arch Dam,"
686, 692. Kollgaard and Chadwick used Bullard Bar Dam as an
example to show the changing radius from crest to
foundation. Designed and supervised by Jorgensen, the dam
was completed in 1924 on the Yuba River in California. At
its foundation the dam had a radius of 94 feet, at its
crest, 170 above, the upstream radius was 240 feet. See
Figure 3-12 in Kollgaard and Chadwick, The Development of
Dam Engineering in the United States, 245, 250. A problem
with the variable arch was that the changing radius caused
the design to overhang downstream at the upper elevations.
This was remedied by decreasing the width of the dam as it
rose from foundation to crest.

2OSalmon Creek bam, 168 feet high and completed in 1914
by the Alaska Gastineau Mining Company of Juneau, and Lake
Spaulding Dam, 225 feet high and erected by the Pacific Gas
and Electric Company were the first dams to use the -
Jorgensen design. Many others followed., See Kollgaard and
Chadwick, The Development of Dam Engineering in the United
States, 246-255; History of the Salt River Project for This
Period, October 1, 1923 to September 30, 1924, Chapter Two,
"Engineering," 2. Cragin's selection of the variable radius
was consistent with his approval of the multiple arch design
for Cave Creek. He wanted to control the Salt River
~ Valley's water supply at the least cost. John sS. Eastwood,

" the designer of Cave Creek, drafted a preliminary design for
(Footnoete Continued)
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Cragin designed Mormon Flat Dam to approximate Jorgensen's
variable radius constant angle arch design. The radius of
the upstream face varies from a minimum of 100 feet at the
narrowest part of the canyon to one of 187 feet at the top.

The dam was designed to have a structural height of -229 feet -

with a hydraulic height of 142 feet. The base thickness is
twenty feet at the approximate center and twenty-nine feet
at the north haunch. It varies also where the foundation
elevations change and at the penstock penetrations. Dam
width tapers to eight feet at the crest. The thickness is
held relatively constant at certain elevations from abutment
to abutment. The crest length is 380 feet and the base
width ninety feet. The original southside spillway was
closed using nine Taintor or radial gates, each twenty-three
feet high and twenty-seven feet wide, and all motor
operated. Three of the gates were located above the ogee
spillway; the remaining six were in an excavated section.
The spillwav's total discharge capacity was 150,000 cubic
feet per second. The river outlet works consisted of seven
penstocks: two were eight feet in diameter, two, six feet,
and three, 4.5 feet. Using the variable radius arch design,
the plan ciiled for the use of 42,980 cubic vards of
concrete.

Compression stress was computed using the cylinder formula.
This analysis was premised on the assumption that each
elevation of arch ring is part of a thin cylinder which is
subject to uniform locad. Using this theory the dam was
designed for maximum allowable strﬁﬁs at any elevation of
350 pounds per square inch (psi). .

(Footnote Continued)

Mormeon Flat. The multiple arch design was not forwarded at
Mormon Flat possibly because Cragin wanted to avoid a repeat
of the objections which plagued the early development of
Cave Creek.

21Larry K. Lambert, "Mormon Flat Dam - Salt Riwver
Project, Phoenix, Arizona, U.S.A.," paper prepared for the
United States Committee on Large Dams, Cctober 30, 13%86;
Kollgaard and Chadwick, The Development of Dam Engineering
in the United States, 271; T. A. Hayden, '"Salt River
Project, Arizona,"™ 300-301; and "Arch Dam of Thin Section
Now in Service on Salt River," Engineering News-Record 96
(May 13, 19268): 778,

22By today's standards, using sophisticated computer
and finite element analysis, the c¢ylinder theory is very

. simplistic. It did not account for tension stress, gravity
" loads, elastic shortening, temperature changes, and cther

{Footnote Continued)
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For the Assoclation Cragin's selection of Jorgensen's
variable radius, constant angle arch was a judicious
decision. However, it raised one guestion. Did it infringe
on patents Jorgensen had obtained for the design in 1911,
1914, 1917, and 19182 Jorgensen and Karl Brehme, his
partner in the Constant Angle Arch Dam Company of San
Francisco, thought it did. After Brehme, and possibly
Jorgensen, visited the Association's office in the spring of
1923, Brehme wrote Cragin in a January 1924 informing him
that the Association needed to recognize Jorgensen's patents
because the Bureau of Reclamation had paid the Ceonstant
Angle Company a royalty for their use in designing a dam on
the Klamath Reclamation Project in Oregon. Brehme concluded
his letter to Cragin stating, "The important bearing of this
recognition of our,patents by the Government must be at once
apparent to vyou."

Despite Brehme's warning, Cragin and the Association
proceeded to construct Mormon Flat. Under legal advice,
Cragin denied the wvalidity of Brehme's claim. Writing to
Brehme in March 1923, Cragin stated, "we are advised by our
attorneys that since the design adopted merely embodies the
application of old principles already well known, any patent

{Footnote Continued)

factors. Despite its shortcomings, it was an advancement
over the previous use of the curved beam theory. The
designed stress for Mormon Flat promised a high degree of
safety. Using today's design criteria, compression stress
can be as high as 1,000 psi or more. Kollgaard and chadwick,
The Development of Dam Engineering in the United sStates,
227, 239-244, 271; Lambert, "Mormon Flat Dam - Salt River
Project," 2; Hinds, "Continuous Development of Dams Since
1850," 504. A simple formula for finding the thickness of
an arch slice is given by Jorgensen in his "Constant-Angle
Arch Dam," page 688. _

23Karl Brehme to C. C. Cragin, January 10, 1924, and
Charles Townsend, Attorney for Constant Angle Arch Dam
Company to C. C. Cragin, March 27, 1923, letters contained
in File, "Leg., 9 Litigation, Constant Angle Arch Dam
Company, 1923," Box 219-38, Records Management, Salt River
Project. In a letter from R. F. Walter, Bureau Chief
Engineer to C, C, Cragin dated February 18, 1924, Walter
admitted that the Bureau paid the Constant Angle Arch
- Company $500 in connection with the Gerber Dam on the
" Klamath Project. Letter contained File, "Leg., 9
Litigation, Constant Angle Arch Dam Company, 1923."
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based thereon would be held void and . . . thereforezghe
payment of any money . . . would not be justified."

The legal contention between Brehme and Cragin continued
through the construction of Mormon Flat as well as through
the Association's subsequent design and construction of
Horse Mesa Dam. The matter was not settled until May 1930
when the Assoclation agreed to pay Constant Angle $15,000.
In 1928 Constant Angle brought suit against the Association
for patent infringement filing a legal claim for $100,000.
Just prior to the trial date in 1930, Cragin agreed to
settle the suit for $15,000. Cragin was certain that the
Association would win the suit having learned that
Jorgensen's patents might be invalid and that there had been
at least one European dam bullt using different radii.
However, Cragin and the Association Board settled because,
as Cragin prudently stated, "We are confident that we could
win the case, but I am satisfied the . . . settlement is the
best for us in that it would cost us at least that much to
win the Gase and [there is] no telling what might

happen.”

Preliminary approval for the Mormon Flat Dam by the
Reclamation Service was required under the 1917 agreement
which transferred operation and maintenance of the Salt
River Project to the Association. Initial approval for the
Assoclation's hydroelectric expansion plan was obtained
under the July 1922 debt refinancing agreement. Final
permission for the development was granted on February 2,
1923 when Secretary of the Interior Albert Fall approved the
January 4 special election, the subsequent action by the

24C. C. Cragin to the Constant Angle Arch Dam Company,
March 19, 1923, File, "Leg., 9 Litigation, Constant Angle
Arch Dam Company, 1923."

25C. C. Cragin to Gene B. Heywood, April 17, 1930; C.
C. Cragin to Fred H. Tibbetts, March 17, 1928; Fred A.
Noetzll to C. C. Cragin, February 20, 1930; and Fred A.
" Noetzli to C. C. Cragin, April 2, 1930, File, "Leg., 9,
Constant Angle Arch Dam Company, {Jorgensen Case), 1930,'
Box 219-38, Records Management, Salt River Project.  Cragin
learned that the Ponte Alto Dam built in the nineteenth
century in the Italian Alps used the same design as his
constructions. James Eastwood's design of Shoshone Dam may
have also preceded Jorgensen's clalms. See, James Eastwood,
"An Arch Dam Design for the Site of the Shoshone Dam, "
. Engineering News 63 (June 9, 1910): 678-680, Cragin also

" "Delieved that his dam designs were covered under a patent

that had expired earlier in the 1920s.
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Board to issue bonds, andzghe plans for the actual
construction activities.

While Cragin completed drafting plans for Mormon Flat,
preliminary work was begun. By April 1923, a 1.5 mile
access road was completed to the site from the Apache Trail,
the reoad running from Phoenix to Roosevelt Dam. Ancther
road was constructed to replace 3.5 miles of Apache Trail
that would be inundated by the Mormon Flat reservoir. This
work began in June 1924. Under an agreement with the state
of Arizona, the Associlation constructed this new stretch of
road and turned it over to the State Highway Department upon
completion. This was consistent with a previocus agreement
which turned over the entire Trail to the state. The
Association completed the high line road in September 1924
which included the construction of a two timber'55estle
bridges cver two c¢reeks feeding the Salt River.-

At the time work on the access - 'road was being completed,
transmission and telephone lines reached the dam site. 1In
the summer of 1923 a construction camp was erected on the
south side of the river one-guarter mile downstream from the
site. It consisted of offices, three bunk houses, a mess
hall, engineers' and superintendents' houses, a reading
room, recreation hall, ice plant, bath house, ambulance
garage, and other associated structures. A domestic water
supply was developed for the camp by pumping water from the
river 370 feet to an overlocking hill. Preliminary

26Albert B. Fall to the Salt River Vallevy Water Users'
Association, February 2, 1923, Bureau of Reclamation, Record
Group 115, General Administration and Project Records,
1919-1929, National Archives and Records Administration,
Washington D.C.; €. C. Cragin tc D. W. Davis, Commissioner
of the Bureau of Reclamation, July 13, 1923, Bureau of
Reclamation, Record Group 115, General Administration and
Project Records, 1919-1929. Copy of both letters are
available at the Salt River Project Research Archives.

27History of the Salt River Project For This Pericd,
Cctober 1, 1923 to September 1, 13924, Chapter Two,
"Engineering,"” 2, 7. The Apache Trail was improved by the
State Highway Department which incorporated the road into
its system in 1922. The state made ¢general improvements to
the Trail, considerably reducing travel time for supply
trucks to the Mormon Flat site. See Agreement signed
between the Association and the State Engineer dated

. December 21, 1923, in File, 'Leg. 1-2, 1920-1924,

Construction, Improvements, and Maintenance," Box 219-37,
Records Management, Salt River Project.
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excavation work began in late summer using an electrically
operated Monighan dragline excavator, which began building
the upstream coffer dam. Excavation of the spillway and
penstocks alsco started and a gravel pit, approximately ohe-
third mile upstream, was located and a road to it completed.
Diamond drilling exploration of the bedrock foundation was
the only work not conducted by the Associaticon; this was
contracted out. With this exception all work was conducted
by an Association force of2é75 men, all that could maneuver
in the narrow box canyon.

Controlling the flow of the Salt River was handled primarily
by closing the newly-completed gates at Roosevelt. However,
a significant amount of seepage and runoff developed below
Roosevelt. This necessitated tne construction of a
diversion structure. A wooden flume 350 feet long, thirty
feet wide, and fifteen feet high was constructed on a rock-
bench on the south side ¢of the canyon. The timber side was
secured by horizontal ties grouted into the side of the
abutment and by supplemental cables. The flume was made
water-tight by filling the timber seams with concrete. It
was designed to pass 7,500 cubic feet per second, sufficient
to convey irrigation water and runoff downstream from
Roosevelt. Water was diverted into the flume by means of a
coffer dam built of excavated river sand and gravel obtained
from the developing foundation pit. A coffer dam was also
constructed on the downstream side of the dam site to
prevent tallwater from receding back into the excavation
area. Although both coffer dams were not completed until
December 1, 1923, river water was first diverted on October
10, 1923. With the riv§§ regulated, the foundation
excavation work began.

28”Mormon Flat Dam Work Starts,”" 2; History of the Salt
River Project For This Period October 1, 1922 to September
30, 1923, 108-110; Historv of the Salt River Project For
This Period Qctober 1, 1923 to September 30, 1924, Chapter
Two, "Engineering," 2, 7; C. C. Cragin, "Mormon Flat Dam,
Salt River Project, Arizona," New Reclamation Era 21 {(June.
1930): 110; T. A. Hayden, "Salt River Project, Arizona,"
301; C. C. Cragin to D. W. Davis, July 13, 1923, File 480.1,
Salt River Project Research Archives.

29For a good review of construction progress with
photographs, see History of the Salt River Project For This
Period, Qctober 1, 1923 to September 30, 1924, Chapter Two,
- "Engineering," 1~14; Cragin, "Mormon Flat Dam, Salt River
‘Project, Arizona," 110; T. A. Hayden, "Salt River Project,
Arizona," 301-302.
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The narrowness of the canyon, the significant depth to
bedrock, and the presence of seepage and percolating water
made the foundation excavation wvery difficult. The bedrock,
described as a hard, dense, homogeneous rhyolite breccia,
was exposed using the Monighan dragline and a P. & H.
gasoline shovel. The excavation pilt was kept dry by a
battery of six XKimbkall pumps which were designed to be used
later as part of the Association's drainage program. The
eighteen-inch pumps were electrically operated and each was
capable of delivering twelve cubic feet of water per second.
Wood and steel pilings and heavy timbering were used to
shore up the pit embankments. Spoll was removed by a small
wooden stiff-leg derrick and small dump cars which were
moved atop a narrow gauge track. Sand and gravel were
loaded on the cars which were then spilled, forming the
downstream coffer dam. The excavation work was continued
through the fall and winter of 1923. It was finally
completed in March 1924 after approximately fourteeg0
thousand cubic yvards of material had been removed.

Aggregate material for concrete was obtained from the river
bed by the Monighan dragline also used to develop the
upstream coffer dam and expose the foundation pit. The
excavated material was consistent in size and therefore a
crusher was not needed. All aggregate was screened, washed,
and trucked over a road that ran along the south side of the
river. The material was deposited in storage bins at the
ugstrea@lapproach to the spillway directly above the mixing
plant. '

The concrete mixing plant was small. It consisted of a
single one-yard smith mixer which had a production capacity
of two hundred yards of concrete per eight-hour shift.
Cement was purchased from the Southwestern Portland Cement
Company of El Pasco, Texas. Deliveries were made from Mesa
using seven five-ton trucks. Each truck could make two

30History of the Salt River Project For This Period
October 1, 1923 to September 30, 1924, Chapter Two,
"Engineering,'" 4-5; T. A. Hayden, "Salt River Project, .
Arizona,” 301-302; The Associated Arizona Producer 2 (March
1, 1924): 6; C. C. Cragin, "Mormon Flat Dam, Salt River
Project, Arizona," 1l1l.

3lT. A. Hayden, "salt River Project, Arizona," 302; C.
C. Cragin, "Mcrmon Flat Dam, Salt River Project, Arizona,”
110; Historv of the Salt River Project For This Period
. October 1, 1923 to September 30, 1924, Chapter Two,
""Engineering," 6-7. Another duplicate concrete mixer was
held in reserve but was not used.
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round trips per day if necessary. Up to 25,000 sacks of
cement were stored in a corrugated metal storehouse built
above the mixing plant. BAggregate was moved by gravity from
the storage bins above the mixing plant. Cement was
delivered gﬁing chain blocks suspended from movable
trolleys.

Concrete placement was accomplished using a 240 foot high
Insley steel tower with sixteen-inch steel chutes. The
tower was erected between February and May 1924. It was
positioned near the mixer and could reach any section of the
work. Concrete mixed at the plant was discharged down a
chute that ran from the mixing plant to the base of the
tower. Material was then lifted up the tower and
distributed by the tower's chutes supported by sky lines.
In additicn to the placement tower, anocther smaller, steel
guy derrick was erected at the south side of the canyon on
the downstream side. This 105~foot derrick was built to
supply forms and other materials during construction. It
was served by3§nother inclined track which ran from the
cement mill.

Concrete was first poured on March 11, 1924. The
construction plan was to build the dam in four separate arch
ring sections with keyed faces. This permitted
incorporating three evenly spaced contraction joints. Using
this methecd the Assoclation avoided the possibility of
vertical cracks developing as the structure cured. Keving
the sections provided a better bond when the openings were
closed. By June 8 sufficient progress was made so that the
rivetr could be diverted through a pair of ten-foot openings
left at the north end of the structure. A bulkhead was then
installed to close the diversion intake and the flume was

32History of the Salt River Project For This Period,
October 1, 1923 to September 30, 1924, Chapter 2,
"Engineering," 5-6; T. A. Hayden, "Salt River Project,
Arizona," 302; The Associated Arizona Producer 3 (March 15,
1924); 5-6. See alsc photographs at page one of issue.
Memcrandum to Senior Engineer R. F. Blanks, U. S.
Reclamation Service, May 12, 1944, by E. W, Ryland, 10.
Copy of memorandum available at the Salt River Project
Research Archives. The cement storage shed was completed in
January 1924, :

33C. C. Cragin, "Mormon Flat Dam, Salt River Project,
Arizeona," 111; History of the Salt River Project For This
. Period, October 1, 1923 to September 31, 1924, Chapter Two,
‘"Engineering," 6; T. A. Hayden, "Salt River Project,
Arizona,"™ 302.
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removed to allow for concrete placement at the south end.
By September 30, over g&fty percent of the structure's total
mass had been placed.

Work continued through the remainder of 1924 and into 1925,
Beyvond pouring the dam face elevations, progress was made on
the river outlet works and spillway. The six-foot penstocks
were equipped- with sliding gates on the upstream side. One
of these gates was also given a control valve on the
downstream end. These penstocks were reserved for possible
future power installation. ©One of the 4.5 foot penstock
openings was regulated using a needle valve; the other two
used steel bulkheads. The three five-foot penstocks were
closed using needle valves salvaged from the north tunnel at
Roosevelt Dam. The 259 fogg-long spillway was finished with
nine steel Taintor gates.

In February 1925 Mormon Flat dam had risen to a sufficient
elevation that water began to collect behind it. Two months
later, in April, the dam was completed. Architecturally
Mormon Flat was consistent with the Association's principal
design criteria of least cost. As Cragin explained,

The dam is strictly utilitarian in construction
and finish, without elaborate architectural
treatment. The coping [parapet] consists of

a plain 5-foot wall, broken into panels by
plain pilasters. The character of the

concrete was such as to leave a smooth

surface against the forms, free from

pockets, and the dam as a whole looks

well finished and in keeping with the

34Large concrete sections shrink when they cure. If
constructed as one monolithic structure, Mormon Flat might
possibly develop vertical cracks as it cured. To avoid the
possibility of cracks the dam was constructed in sections.
The only event which disturbed construction progress
occurred in December 1923 before actual construction began.
A flood left the site seventeen feet under water. Damage
was slight, costing approximately $2,000. "President Reid's
Report," The Associated Arizona Producer 2 (March 1, 1924;):
6. C. C. Cragin, "Mormon Flat Dam, Salt River Project,
Arizona," 111-112; "Pouring Concrete Starts at Mormon Flat

Dam --- Progress at Roosevelt," The Associated Arizona
Producer 4 (March 15, 1924): 5-~6.
35

C. C, Cragin, "Mormon Flat Dam, S$Salt River Project,
Arizona,'" 111.
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setting. 36 ' . -

Mormon Flat Dam was constructed with efficiency and economy.
The Association work force consisted of a maximum of only
225 men who generally worked three eight-hour shifts per day
through the construction period. From first pour, work was
completed in only thirteen months. The construction effort
was also performed using a minimal amount of equipment. An
electric and gasoline shovel, a concrete mixer, two towers,
three hoists, two derricks, an air compressor, six pumps,
and mechanically egquipped carpenter and blacksmith shops
were all the major equipment needed. FEven scheduling
construction activities was coordinated to use all equipment
continuously. The construction plant lavout was mechanized
as far as possible so that all construction members could be
moved and lifted with ease. The care taken in managing the
construction effort was reflected in the dam's price.

Cragin and the Association completed the work at a cost of
$1.23 million, only sl%ghtly more than the $1.079 million
originally estimated.

Soon after the dam was completed, the Assoclation entered
into an agreement with Central Arizona Light and Power
Company (CALAPCC} to add a hydroelectric power plant. By
leaving three penstock openings through the dam's face, the -
Associliation had acknowledged that it would some day add a
hydroelectric unit, but did not plan the addition until a
considerably later date. However, CALAPCO needed to expand
its production supply and decided to take advantage of the
developing energy stored behind the new dam. On June 29,
1925 the Association and CALAPCO entered into an agreement;
CALAPCO would advance the Association $410,000 for the
construction of a single, 7,000 kw hydroelectric unit at
Mormon Flat. 1In return for providing the up—fron%sfunding,
CALAPCO would receive all of the plant's output.

361pid., 112.

37”Pouring Concrete Starts At Mormon Flat Dam ---
Progress at Roosevelt," 5. For a list of egquipment used in
the construction of Mormon Flat, a line item cost analysis
of the construction, critical dates in the construction of
the dam, the structure's measurements, and additional
photographs, see History of the Salt River Project For This
Period, October 1, 1924, to September 30, 1925, cChapter Two,
"Engineering," 3-24.

38"Agreement Between Salt River Valley Water Users'
“"Association and Central Arizona Light and Power Company,"
{Footnote Continued)
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The agreement between the Association and CALAPCO was made
possible by specilal legislation which was passed years
before Mormon Flat was completed. Before Reid and Cragin
took their hydroelectric expansion plan to the Association
Board in the fall of 1922, they knew that to obtain the
Board's, and the Secretary of the Interior's approval they
needed to modify the 1906 Town Sites Act which limited power
contracts under reclamation projects to a period of ten
vears. This act had served the Salt River Project's initilal
power plans well. Contracts with Inspiration and Miami
copper companies enabled the Association to construct the
Roosevelt to Miami transmission line; the Chandler Power
Plant, the Valley's fourth, low-head hydroelectric plant
built in 1%18; and the Marinette substation. Under these
agreements, the copper companies advanced construction
funding. The 1906 legislation's ten-year limitation was
adequate because the cost for these early construction
projects were comparatively modest. The transmission line,
at $200,000, was the most expensive. Reild and Cragin
realized, however, that the hydroelectric program would need
longer contractual periods to secure adequate revenues to
repay expansion costs. Cragin estimated the cost of
developing the system, expanding Roosevelt and building
Mormon Flat and Horse Mesa, at $173 per kilowatt hour of
production or over ten times the cost of the Association's
previous hyvdroelectric expansion program. Recovering
expansion costs, paying interest, accounting for
depreciation and operating costs, and caiculating a
reasonable addition to income would require longer-term
contracts.

With the assistance of Arizona Congressman Carl Hayden, the
Association petiticoned Congress to amend the Town Sites Act
in the summer of 1922. 1In September 1922 Congress granted
special legislative authorization enabling the Salt River
Project to enter contractual agreements for a period of
fifty vearsy with the Secretary of the Interior's

approval. _

Under the terms of the CALAPCO agreement the power <ompany
agreed to purchase hydroelectricity from the Association for
a period of fifty years. For the first twenty-five years,
the power company would buy a minimum of six milliion

(Footnote Continued)

June 24, 1925, File 480.1, Salt River Project Research
Archives. The agreement has been amended and supplement
several times since 1925.

3%5ct of september 18, 1922, 42 Stat. 847. Pelz,
Federal Reclamation and Related Laws Annotated, 302.
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kilowatt hours per vear. After that period, the annual
minimum amount would be determined by mutual agreement or
arbitration. Hydroelectricity would be sold to the power
company at $.008 cents per kilowatt hour. Reld and Cragin
considered this a very favorable rate for the aAssociation.
The Producer reported that "similar power" had been sold
recently in California at a rate of $.0035 to $.0045 cents
per kilowatt hour. At the rate of $.008 cents, the
Assoclation was ensured a minimum gross annual income of
$42,000 for the first twenty five vears. Since the
Association's repayment of the $410,000 advancement, with
six percent interest, egqualled $31,868 per vear over a
twenty-five year repayment period, minimum net income from
the power company would still be no less than $10,000 per
vear. Beyond the income from CALAPCO, Reid and Cragin
believed that, based on the previous thirty-six year river
flow records, the Mormon Flat plant could produce
forty-three million kilowatt-hours annually with an annual
gross income of $344,000. Having the power company fund the
construction, buy enough developed power to more than offset
the debt repavyment, and leave enough kilowatt-hours to
produce $312,000 in additional income, less operation and
malntenance costs, was, Rﬁ&d and Cragin believed, an
exceptional opportunity.

The Association began the power plant construction in July
1925. 1Initial work consisted of reconstructing some camp
facilities and redeveloping the domestic water supply. Work
on the power plant began with clearing a roadway to the site
on the south side of the canyon. By fall, the excavation
and construction of the draft tubes were completed. Through
the winter and spring of 1926, the two eight-foot penstocks
were joined into a single feeder penstock, the power house
was erected, and all electrical eguipment was delivered and
installed. The plant was fitted with a single Westinghouse
generator, with a rated installed capacity of 10,000 kw, and
with a Westinghouse alternator, transformers, and switching
equipment. The 10,000 horsepower waterwheel was provided by
S. Morgan Smith. The plant was designed to operate under a
maximum head of 154 feet, but could produce eight thousand
horsepower when the reservoir contained only 30,000 acre
feet, or was little more than half full. The Assoclation

4O"Agreement Between Salt River Valley Water Users'
Association and Central Arizona Light and Power Company,"
see Articles 5, 15, and 28. '"President Reid's Report to
Water Users' Association Tells About New Contract For Power
~Plant at Mormon Flat Dam, Water Supply Situation and
‘Construction Progress," The Associated Arizona_ Producer 5
(August 15, 1925): 4-5,
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also improved the temporary transmission system into Mormon
Flat with new 110 kilovolt steel towers. The plant was
finished in May 1926 at a cost, incl&?ing changes to the
power delivery system, of $472,000.

While the Association was constructing Mormon Flat Dam it
prepared to further Cragin's expansion plan by initiating
construction of the Mormon Flat Power Dam or Horse Mesa Dam.
This it did in the spring of 1924. Horse Mesa Dam was
located between Mormon Flat and Roosevelt dams and was
planned to produce 33,000 kw of electricity. Work on Horse
Mesa began in the summer of 1924 angzwas completed three
yvears later in the summer of 1927.

41The Association did not need the approval of the
Secretary of the Interior to construct the power plant. It
was considered "additional works" of the Association. R. F.
Walter, Chief Engineer, Bureau of Reclamation, to the Salt
River Valley Water Users' Association, February 15, 192§,
File, "POW, 4-2-3, Mormon Flat Hydro Plant, 1925-1927,"
Secretary Files, Box 219-37, Salt River Project Research .
Archives. 7. A. Hayden, "Salt River Project, Arizona," 302;
History for the Salt River Project For The Period, QOctober
1, 1925 to September 30, 1926, Chapter 2, "Engineering," 2,
5-8; "Mormon Flat Power Plant Completed Ahead of Schedule,"
The Associated Arizona Producer 5 (April 1, 1926}: 3.

42For an account on the construction of Horse Mesa Dam
..see, David M. Introcaso, "Horse Mesa Dam," National Park
Service, Historic American Record Engineering Report No. 7,
1989.
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chapter Four: The Construction of Horse Mesa Dam

Once the construction of Mormon Flat Dam was well underway
in the summer of 1924, Charles Cragin and the sSalt River
Valley Water Users' Assoclation prepared to complete their
1922 hydroelectric expansion plan. Referred to as the
Mormon Flat Power Dam in Cragin's 1922 report, Horse Mesa
Dam was to be constructed between Mormon Flat and Roosevelt
dams. It would be the focal point of the project's
electrical development. Horse Mesa would generate 33,000 kw
of electricity and it was estimated that it would provide
enough annual income to pay for the expansion, repay the
federal govermment for Roosevelt Dam, and operate the Salt
River Project.

The continuation of Cragin's hydroelectric program was made
possible through a power sale agreement with the Insplratlon
Consolidated Copper Company The mining c¢oncern, the
largest business entity in the state of Arizona at the time,
wanted to expand its mining operations in Miami by adding a
$6 million leaching plant. To operate the new plant,
Inspiration needed additional electrical power. In June
1924 the copper company contracted with the Association to
purchase all thelhydroelectricity generated from the planned
Horse Mesa Dam.

Inspiration and the Association signed the agreement on on
June 14, 1924. Under its terms, Inspiration would buy all
the power generated from the Horse Mesa Dam hydroelectric
plant. It agreed to purchase potentially all the
Association's hydroelectric power "which the Asscciation may
desire to furnish, from any source, up to the needs or
requirements of the Company." The price for Horse Mesa
power or any other Associatlion plant was set at $.0065 cents
per kilowatt hour. Inspiration agreed to buy a minimum
monthly amount of 7.25 million kilowatt hours. At $.0065
per kilowatt hour, this equalled an annual payment of
$565,500. Inspiration further agreed to make this payment

lP. G. Spilsbury, "Six Thousand Farmers Meet Twelve
Thousand Business Men," The Asscclated Arizona Producer 3
(August 1, 1924): 1, 13; "Water Users-Inspiration
Co- operatlon Makes Big Improvements Possible," The
Associated Arizona Producer 3 (October 15, 19247: 3, 8.
Inspiration Copper contracted with the Association for
additional power based upon the recommendaticns made by
consulting engineer Louis €. Hill. sSee Louls ¢, Hill,
. Quinton, Code and Hill, "Report, Inspiration Consclidated
Copper Co.," June 27, 1922, 1-24. Copy of report is
available at the Salt River Project Research Archives.
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even if their power requirements were less than 7.25 million
kilowatt hours, ind whether or not power was made available
to that extent.

The term of the agreement was for twenty-five years. After
the first fifteen years, however, Inspiration had the right
to reduce its minimum take by giving the Association at
least twelve months' notice. Implementing the contractual
terms was contingent upon the approval of the Assoclation
members to construct Horse Mesa and approve the necessary
indebtedness to perform the work. Inspiraticon also reguired
that the Association build the dam at least 262 feet above
stream bed to ensure a sufficient head and kilowatt
production, and that the work be completed in thirty-six
months from the date of the contract. It alse demanded that
the Assoclation construct two new transmission lines to the
copper company's Miami facilities, each with sufficlient
capacity tc3deliver all the power covered by the

agreement.

After Reld and Cragin signed the Inspiration agreement they
recommended that the Association Board approve the Horse
Mesa plan. Cragin advised the Becard to endorse the
construction of Horse Mesa Dam and power plant and to change
its present transmission system and erect a 110,000 volt
loop tving in Rocsevelt, Horse Mesa, and Mormen Flat dams
with Goldfield, Supericr, and Miami. Cragin estimated the
cost of the expansion program at $4.4 millien. The preobable
income from the Inspiration agreement, Cragin thought, would
far surpass the Association's minimum annual payment for
debt service. Based on stream flow records beginning in
1903, Cragin computed that the total annual revenue from
Horse Mesa would equal $1 million deollars or nearly twice
Inspiration's minimum payment. This amount, added to the
balance of the Assoclation's income accounts, would be
sufficient to pay all the charges on interest and bond

2"Agreement Between the Salt River Valley Water Users'
Assoclation and the Inspiration Ceonsclidated Copper
Company,'" June 14, 1924. Copy available at the Salt River
Project Secretary's 0Office. This type of contract is '
referred to as a "take and/or pay" agreement. The agreement
was supplemented and modified in November 1924 and
thereafter. A copy of the agreement was printed in the July
15, 1924 issue of The Associated Arizona Producer at pages 8
through 10.

. 3"Agreement Between the Salt River Valley Water Users'
Association and the Inspiration Consolidated Copper
Company," articles 1, 2, 5, 11, and 27,
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~ redemption for the Horse Mesa development, operate and
maintain the Association's entire power and irrigation
gystem, pay the federal government's construction charges
for Roosevelt, and leave enough surplus to make 1@provements
on the Progect without any per acre assessments.

The Board approved the Horse Mesa construction unanimously.
Again, needing Association sharehelder approval to authorize
the development, Cragin and Reid explained the further
development of the Association's hydroelectric expansion
plan through the pages of The Associated Arizona Producer
and at nine public meetings held throughout the Salt River
Valley between June 30 and July 25, 1924. (Cragin was
confident when he told the Association farmers, "The risk

every farmer takes every year that he plants a crep . . . is
a greater risk than the entire risk he will take with the
Horse Mesa Develeopment . . . ." "There is no .possible

chance to be taken in connection with the Horse-Mesa
Project," Cragin asserted, because Inspiration Copper "is
the largest power market in Arizona." Even without
Inspiration, Cragin added, "The market for power in the
Southwest is far ahead of the power develcpment, and we
cannot5p0551bly go wrong in developing all the power we
can.

Shareholder approval by special election of the Horse Mesa
plan was scheduled for July 28%. The Association
shareholders were asked to vote on a somewhat complex list
of eight propositions. Propositions one, two, five, seven,
and eight were falilrly direct. Did they support Cragin's
Horse Mesa plan as presented to the Board? Did the
shareholders agree to extend the Association's corporate

4The complete record of the Horse Mesa approval is
contained in "Transcript of Record, Salt River Valley Water
Users' Association, Relating to Construction of Horse-Mesa
Development No. 1 and Issuance of $4,743,000.00 - 6% Gold
Bonds." Copy availakle at the Secretary's Office, Salt
River Project. See also Cragin's letter to the Board dated
June 20, 1924 contained therein. .

5"Only $2,500,000.00 in Bonds Necessary to Build.
$4,400,000.00 Horse Mesa Project," The Associated Arizcna
Producer 3 (July 1, 1824): 2; "Horse Mesa Meetings," The
Agsociated Arizona Producer 3 (July 1, 1924): 5; "Horse Mesa
Election," The Associated Arizona Producer 3 (July 15, 1924)
3; "Horse-Mesa Electiocn," The Associated Arizona Producer 3
(July 15, 1924): 2; "Successful Horse Mesa Meetings in
Valley," The Assoclated Arizona Producer 3 (July 15, 1924):
5.
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indebtedness? Did they approve $2.5 million issue of
construction bonds at six percent interest payable over
fifteen years? Did they agree to the contract with
Inspiration Copper? Were they willing to authorize levying
assessments to assure the payment ofsthe interest and
principal on the $2.5 million debt.

Propositions three, four and six were somewhat more
complicated. The Association was issuing only $2.5 million
in construction bonds. The remainder of the $4.743 million,
or $2.243 million, was ralsed through the Roosevelt
Agricultural Improvement District Number One aad the
Agricultural Improvement District Number Two. District
Number Twe lands, 22,500 acres previocusly irrigated by the
Tempe Irrigating Canal Company, were being admitted intoc the
Assoclation on the condition that they be used as collateral
to issue $1.578 million in bonds. The proceeds of these
bonds were to be used to flnance the construction of Horse
Mesa. Similarly, the Roosevelt Agricultural Improvement
District Number One, approximately 9,500 acres of dry lands
scattered throughout the Project, would be permitted to
obtain Association water on the condition that it issue
$665,000 in bonds to help fund the Horse Mesa plan.
Repayment of both District One and Two bonds would be made
from the sale of hydroelectric power from Horse Mesa Dam.
The Association sought bonding from these districts because
their bonds were tax free and would bring a higher bid
price. The Assoclation shareholders were thus asked to
approve the issuance of these bonds in propositions three
and four and obligate the Association go guarantee payment
of these bonds under proposition six.

6"Salt River Valley Water Users' Assoclation, Special
Election July 29, 1924, Official Ballot," contained in-
"Transcript of Record, Salt River Water Users' Association

Relating to Construction of Horse-Mesa Development No. 1
"

7These agricultural improvement districts were formed
under the authority of Title 45, Chapter 4, Arizona Revised
Statutes {(1922}.

8Ibid. Lands under the Tempe Irrigating Canal Company
did not sign into the Assoclation after 1903 because the
company had one of the oldest or senior water appropriation
dates on the Salt River and therefore did not want to assume
the construction debt for Roosevelt Dam. The Tempe lands
.. joined the Association in 1924 because they needed the
assistance of the Association's drainage program to lower

(Footnote Continued)




Mormon Flat Dam
HAFR No. AZ-14
64

After the votes were tallied on July 30, 1924 a twenty to
one margin approved the Horse Mesa develeopment. Cragin and
Reid were now ready to begin the last stage of their 1922
hydroexpansion plan. Before they could start, however, they
faced ancther court chgllenge guestioning the legality of
the special election.

In Bethune v. the Salt River Valley Water Users'
Assoclatlon, the plaintiff, a shareholder, objected to the
Assoclation acquiring debt from the Agricultural
Improvement districts and from its own proposed bhond
issuance. Bethune argued that the Association's Articles of
Incorporation did not authorize it to construct dams and
generating facilities, nor did it permit the Association to
engage in speculative business enterprises thereby
subjecting the landowners to financial risks. The Maricopa
County Supreme Court and the Arizona State Superior Court
denied Bethune's petition on July 192, ten days before the
special election. The Superior Ceourt affirmed the lower
court's opinion ruling that the Association's "business
expediency” whether "improvident or not," rests in the
judgment of the Association, its officers and shareholders.

{Footnote Continued)

their high groundwater table. In order to join the
Association, the Tempe lands were further required to pay
$800,000 in back assessments. The Tempe Canal lands signed
into the Association on June 16, 1923. See '"Contract, Tempe
Irrigating Canal Company and the Salt River Valley Water
Users' Association,” June 16, 1923. Copy available at the
Corpeorate Secretary Office, Salt River Project. About
$300,000 of the Districts' bonds would go to drainage and
irrigation development. "Horse Mesa Election," 3;
"Horse-Mesa Electicn,™ 2. The Roosevelt Agricultural
Improvement District lands contracted with the Association
on December 4, 1923. See '"Contract, Roosevelt Agricultural
Improvement District Number 1 and the Salt River Valley
Water Users' Associlation,'" December 4, 1923. Copy available
at the Corporate Secretary 0ffice, Salt River Project.

9The vote showed 79,468 in favor of the development and
4,607 against. "Transcript of Record S$alt River Valley
Water Users' Association Relating to Construction of
Horse-Mesa Development No. 1 . . . ;" '"Horse Mesa
‘Development Carried 20 to 1," The Associated Arizona
Producer 3 (August 1, 1924): 2. Only 84,000 votes were cast
in approving Horse Mesa's construction. This was less than
half the eligible acreage votes. Shareholder turnout was
..traditionally low; however, it was uged later by opponents
of the hydroelectric expansion to criticize Reid and
Cragin's efforts.
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Consequently, if the Association proposes to expand its
facilities then it is permitisd to raise the necessary funds
by "any legitimate means."

wWhile the Bethune complaint was being resolved, the
Association circulated a prospectus detailing both the
Improvement Districts' and the Association's bond issues to
several hundred financial institutions throughout the United
States. The prospectus contained information explaining the
issue, a legal opinion supporting i1t, <¢rop reports, the
election ballot, and photographs of the Salt River Project,
Valley farm lands, and urban Phoenix. On August 28, 1924
the Board opened all bids. The best of the seven bids
received was made by the Anglo London Paris Company and its
assoclates. Thleoard accepted angle's bid of 97.64 cents
on the dollar.

Expeditious as always, Cragin began preliminary work at
Horse Mesa a week before the construction bonds were issued.
A six mile roadway to the dam from the Apache Trail, the
road from Phoenix to Roosevelt, was started on August 23.
The road camp had been established 1.5 miles in from the

- Apache Trail. Water for the camp was pumped up from the

10Quoted in, "Horse-Mesa Bond Issue Legalized by
Supreme Court Decision," The Associated Arizona Producer' 3
{August 1, 1924): 5; Bethune v. Salt River Valley Water
Users' Association, 26 Ariz. 525; Historv of the Salt River
Project For This Pericd October -1, 1923, to September 30,
1924, Chapter 13, "Litigation and Legal Work," 2.

ll"Salt River Valley Water Users' Association
(Controlling), Roosevelt Dam and The Salt River Irrigation
and Power Project, Offer Three Issuss of 6% Gold Bonds .
{Non-Callabkle}, Total Issue $4,743,000.000," Copy available
at the Secretary Qffice, Salt River Project. 2anglo London
Paris Company was San Francisco based. 1Its associates were:
Stephens and Company and Freeman, Smith and Camp Company,
both ¢f San Francisco; Rutter and Company of New York; and
Marshall Field, Glore, wWard and Company, and Stevenson, .
Perry, Stacy and Company, both of Chicago. '"Meeting, Board
of Governors, August 28, 1924 and August 29, 19z24," o
contained within, "Transcript of Record, Salt River Valley
Water Users' Association, Relating to Construction of
Horse~Mesa Development No.l . . . ." "Wall Street Journal
on Horse Mesa Bonds," The Associated Arizona Producer 3
(September 1, 1924): 14; "Horse-Mesa Bonds Sold at Highest
~ Record Figure," The Assoclated Arizona Producer 3 (September
15, 1924): 3, 10; "The Bond Sale," The Associated Arizona
Producer 3 (September 15, 1924): 5.
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river under a static head of 1,200 feet. Electricity was
supplied from the Roosevelt-to-Phoenix line and stepped down
using temporary substations. Cragin was able to cut the
road promptly because he had had it surveyed earlier in
June. : -

The roadwork was difficult in the extreme, very time
consuming, and expensive. This was because the area's
topegraphy from the Apache Trall to the dam site is
exceptionally rugged and precipitous. Rock, loosened by
explosives, was removed by an Osgood Steam Shovel and a P &
H Gasoline shovel. A Monighan Drag Line Excavator was
brought upriver from the Mormon Flat construction after the
roadwork was begun and used at the dam site. The job
required the removal of over 350,000 cubic yards of solid
rock. Wor%ztook until May 1925 to complete and cost
$408,000. , - e

Because the abutment walls at Horse Mesa rise almost
vertically, about 1,500 feet, the dam site provided little
room for a camp. Consequently facilities were dispersed for
a mile downstream from the dam site on both sides of the
river. Approximately twenty buildings, including an ice
plant, machine, blacksmith, and carpenter shops, were
located on the southslde about a quarter-mile below the dam
site. Until 1987, two gable-roofed, wood-framed bunk houses
still remained at the site. Other wood-framed houses,
including a school house, and tent structures were also
erected along the southside access rocad. ©n the nerthside
downstream from the dam site Apache workmen and their
families constructed a separate camp on a narrow rock ledge.
Water for the construction camp was pumped from the river to
an elevated chlorinated tank. Because ¢f the abrupt slope
of the site’s cliffs, preconstructicon alsc required the
early excavation of the dam's spilllways and haunches. This
wWas hecessary to aveoid poi§ible injury to workmen from:
falling rock and debris.

12C. C. Cragin, "Horse Mesa Dam, Salt River Project,
Arizona,” New Reclamation Era 21 (September 1930): 174;
History of the Salt River Project For This Period October 1,
1923 to September 30, 1924, Chapter Two, "Engineering,”
19-20; Historv of the Salt River Project For This Period
October 1, 1924 to September 30, 1925, Chapter Two,
"Engineering," 25-30 and photographs on pages 31-33. The
road intc Horse Mesa Dam presents some of the most
spectacular scenery in the state of aArizona.

13

A. E. Rogge and Cindy L. Myers, eds., “D—R-AQF-T, A
(Footnote Continued)
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Cragin rushed Asscciation workmen to prepare the dam site
because the terms of the Inspiration contract left him only
thirty-four months to complete the work. <Cragin planned
Horse Mesa using the same design method and allowable
compressive stress that was used for Mormon Flat Dam, which
was currently under construction downstream from Horse Mesa.
He designed Horse Mesa as a three hundred foot high,
constant angle arch dam, using the cylinder formula to
compute compressive stresses. The Association's Chief
Engineer selected the variable radius design for Horse Mesa
for the same reasons he had chosen it for Mormon Flat: it
was an appropriate design for the dam site and provided a
cost savings in material. He submitted his design for Horse
Mesa Dam to the Bureau of Reclamation for approval on August
16 expecting its guick endorseme_nt14 However, to his
surprise, the Bureau rejected it.

Desplite the previous success with Mormon Flat, on August 19,
R. F. Walter, Chief Engineer of the Bureau, rejected the
plan because he thought Horse Mesa was too high a dam to be
analyzed using the simplistic cylinder formula. Walter
wrote that, "if [the dam is] designed by this formula the
actual stresses may exceed the calculated stresses by a
large amount, and if this approximate methed is to be used a
much more conservative unit stress should be assumed, 15
particularly for such a high dam as the one in guestion.”

(Footnote Continued)

Plan for Investigating Historic Dam Construction Camps in
Central ‘Arizona," (Phoenix: Dames and Moore, January 1987):
3-25. (Unpublished); Historv For The Salt River Project For
This Period, October 1, 1924 to September 30, 1825, Chapter
Two, "Engineering,"” 26; C. C. Cragin, "Horse Mesa Dam, Salt
River Project, Arizona,' 174.

14Memorandum to Designing Engineer (Howell), August 16,
1924, Record Group 115, Office of Chief Engineer, General
Correspondence, Files 262, Salt River, Box 1220, Eng. - Gen.
1/1916 - 1/1925. Copy of the memo is available at the Salt
River Project Research Archives. The memorandum stated,
"The above method of design (c¢ylinder formula] cannot be
condemned too strongly. This is especially true for this’
very high dam." Kollgaard and Chadwick, Development of Dam
Engineering in the United States, 219-531, 314-317.

15Cragin also submitted the dam's power plant,
transmission system, and the Inspiration contract with the
dam design plans for approval. The hvdrecelectric plant and
transmission lines were given preliminary approval and the
“contract was approved with "recommended" phrasing changes.
(Footnote Continued)
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Walter suggested that Cragin instead use the trial load
. method to calculate stresses in Horse Mesa. As Walter
explained, in this method,

the water load is distributed hetween the
vertical cantilevers and the horizontal arch
rings in such proportion as will result in
equal deflections of the cantilevers and arch
rings at all parts of the dam. The stresses
in the cantilevers and arch elements are then
calculated on the basis of their respective
loading, proper allowance being made for rib
shortening and temperature changes. The
calculations for both the stresses and
deflections are made in accordance with the
elastic theory. The use of this method will
probably result in a more economical design
and a much better disEgibution of the concrete to
withstand the loads.

Walter admitted that "while this [trial locad] method is
admittedly unsatisfactory, it is far more reliable than a
design using the thin cylinder formula" for such a high dam.
Walter sympathized with the Association because he
understood the agreement it had with the copper company and
the need to secure its construction bonds, but he added,
"Our previous approval of a similar dam about 200 feet high
. . has evidently lead Mr. Cragin tc expect approval of
the design ; Horse Mesa dam notwithstanding its height of
308 feet."” '

The Bureau's rejection of Horse Mesa could have been
disastrous for Cragin and the Association: fortunately, it
was not. Cragin's only problem was the potential adverse

{Footnote Continued)

R. F. Walter, Chief Engineer to Elwood Mead, Commissiconer of
Reclamation, August 19, 1924, Record Group 115, General
Administrative and Project Records, 1919-1929, National
Archives, Washington D. C. Copy of the letter is avallable
at the Salt River Project Research Archives. .

lGR. F. Walter to Elwood Mead, August 19, 1924, 3. -

l7&-1::1_'1.ter thought the trial load method unsatisfactory
because it too had shortcomings. Its assumpticns also did
not account for all factors. To assist Cragin, Walter
suggested to Mead that he approve the design subject to
. revision or approve it with the understanding that the
design of the dam be made satisfactery to the Bureau. R. F.
Walter to Elweod Mead, August 19, 1924, 4.
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effect the news would have on those preparing to bid on the
bond issue. Considering the high bids the Association
received, Cragin evidently kept the news gquiet between
August 19 and the bid opening on August 28. After the
bidding, Cragin had nine months to redraft and recalculate
his design for Horse Mesa hecause preconstruction,
essentially the roadwork, would take until the following
spring to complete. The difficulty of cutting the road,
therefore, actually helped him because it kept the
Assoclation construction crews busy while giving him time to
redraft the Horse Mesa design.

Walter did not leave Cragin to redesign Horse Mesa alone; he
knew Cragin had no previous experlence using the trial load
method. Few people had. It had yet to be used to design a
dam in the United States. Jogne Dam, completed in 1921 near
Mont Salvens, Switzerland, was believed to be the only dam
designed using the trial load analysis. In September 1924
Walter assigned one of his staff engineers to Phoenix to
work with the Association in redrafting the Horse Mesa
design. A. C. Jaquith was dispatched from the Bureau's
Denver office to assist Cragin and his assistant, Francis
O'Hara. Jagquith might have never used the trial load
method, but he did have extensive experience designing arch
dams for the Bureau. Previously, he had worked on several
dams on the Klamath Project in California and Oregon, and on
dams in the Umatilla Project in Oregon, the Riverton and
Shoshone projects in Wyoming, the North Platte Project in
Nebraska, the Boise and Minadoka projects in Idaho, and the
Flathead Project }g Montana. Jaguith arrived in the Valley
in October 1924.

18G. T. Crowe to Elwood Mead, April 4, 1925, Record
Group 115, General Administrative and Project Records,
1919-1929, National Archives, Washington D. C. Copy of
letter available at the Salt River Project Research
Archives, History of the Salt River Project For This Period
October 1, 1924 to September 30, 1925, Chapter Two,
YEnglneering," 27; "Government Dam Expert Here to Help on::
Horse Mesa," The Associated Arizona Producer (October 15,
1924: 5. For information on Joghne Dam, also spelled LaJogne
Dam, see Alfred Stucky, "Study of Arched Dams," Bulletin
Technigue de la Suisse Romande, 1922. Subsequent to the
design of Horse Mesa's use of the trial load method, in 1926
the exXperimental Stevenson Creek Dam, a sixty-foot high
simple arch dam, was constructed in California specifically
.. to test for stresses. See Kollgaard and Chadwick,
Development of Dam Engineering in the United States,
256-266,
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During the next three months Jaguith and Cragin redesigned
Horse Mesa based upon computations derived from the trial
load method. Jaquith explained his work in an article he
ccoauthored which was published posthumously in January 1928,
The trial load method was necessary 0 determine the .
dimensions of Horse Mesa, he wrote, because the cylinder
formula did not make allowance for "temperature changes,

rib-shortening, or the effect of cantilever action.” "The
theory," he said, "is wrong and the resultant designs are
unecoconomical." "The lack of economy,” he stated, "igcreases

very rapidly as the size of the dam is increased."”

As Jagquith explained, the trial lecad method carries the
dam's water lead by using two systems <¢f elements, one
vertical as cantilevers, and the other horizontal as arches.
"The +two systems," he wrote, "have equal deflections at all
points and carry proportional parts of the load.” Assuming
this, Jaqulth concluded,

there is certainly some definite division of
the load that will give egqual deflections for
both systems at all points. This division can
be found approximately by applying a series of
trial proportionate lecads to each system. If
enough trials be made, equal deflections for
arch and cantilever elements at all points will
finally be found for any assumed temperature

19Jaquj.th ccautheored the article with a Bureau
associate, C. H. Howell. Jaguith died in September 1927,
soon after Horse Mesa was completed. €. H. Howell and A. C.
Jaquith, "Analysis of Arch Dams by the Trial Load Method,"
Proceedings of the American Society of Civil Engineers 54
(January 1928): 61-95. For specifics on the design of Horse
Mesa, see pages 74-76 and the Appendix, pages 78-91. The
article was alsc published under the same title in the
Transactions of the American Society of Civil Engineers 93
(1929): 1191-1316. This version also contains a lengthy
discussion. See also "Design of Horse Mesa Dam, Maricopa .
County, Arizona," March 1925, 1-15, Record Group 115,
General Administrative and Project Records, 1919-1929, -
National Archives, Washington D. C. Copy of the document is
available at the Salt River Project Research Archives;
Kollgaard and Chadwick, Development of Dam Engineering in
the United States, 266-267; History of the Salt River
Project For This Period October 1, 1924 to September 30,
1925, Chapter Two, "Engineering," 27-30; and H. M.
Westergaard, "Arch Dam Analysis by Trial Loads Simplified,"
Engineering News-Record (January 22, 1931): 141-143.
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The maximum stress allowed in calculating the design was 650
pounds per square inch. The average compression in the
arches was calculated at 286 pounds per square inch, and in
the cantilevers at 222 pounds per square inch. The final
design resulted in irregular arch ring shapes, much
different from the earlier, simple, circular arcs. For
instance, the arch ring at the lower part of the dam was
thickest at the abutments, thinnest at the gquarter points,
and thickening again at the crown. This eliminated
unsymmetrical loading of the arches and caused uniformly
stressed concrete. After the many trial loads had been
calculated, usually ten for each horizontal and vertical
section to achieve the desired deflection, Jaquith and
Cragin were left with a design that held material'saviggs of
approximately eighteen percent over the initial plan.- =

Jagquith's and Cragin's redesigned Horse Mesa Dam stood 305
feet high from bedrock to the top of the coping. The dam
had a hydraulic height of 266 feet above stream bed. as a
variable radius type, the upstream radius at the crest
measured 251.4 feet, and eighty-two feet at the base.
Thickness at the base varied from forty-three to fifty-seven
feet. The dam was eight feet thick at the top. The maximum
span of the arch was 450 feet. The upper 175 feet of the
north end thrust against an ogee gravity overflow section,
140 feet long on the crest. Storage capacity was calculated
at 245,000 acre feet with an additional 15,000 acre feet
possible if the upper six feet of coping is used. The north
and south spillways were closed by nine steel Taintor gates,
six on the north side, and three on the scuth. Aall gates
were motor operated and equal in dimension te those used at
Mormon Flat. They measured twenty-three feet high by
twenty-seven feet wide. Spillway discharge capacity was
estimated at 150,000 cubic feet per second. The power plant
cutlets consisted of three penstocks, each ﬁight feet in
diameter located at the center of the dam.

onowell and Jaquith, "Analysis of Arch Dams by the
Trial Load Method," 62-63.

21Howell and Jaquith, "Analysis of Arch Dams by the
Trial Load Method, 74-75; "Design of Horse Mesa Dam," 2;
Histecrv of the Salt River Project For This Period QOctober 1,
1924 to September 30, 1925, Chapter Two, "Engineering," 28.

- 22C. C. Cragin, '"Horse Mesa Dam, Salt River Project,
Arizona,™ 174; T. A. Hayden, "Salt River Project, Arizona,
(Footnote Continued)
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Cragin submitted the final design for Horse Mesa to the
Bureau on April 3, 1925. Because the Bureau essentially
redesigned the dam through Jaquith, it approved the plans
ten days later, on April 13. Even though the Assoclation
received approval eight months late, Cragin's crews were
still a vear away from actual construction. The road work
was still several weeks from completion. Association woxrk
forces needed to begin excavating the spillways and prepare
the abutment contacts kbefore men could work in the stream
bed. They were also busy installing the permanent 110§ KV
line into the dam site, replacing the 45 KV wood pole line
from Goldfield to Superior with a 110 KV steel pole line,
and moving equipment to the dam from the road camp. Added
to all this, the Association was just finishing Mormon Flat
and was soon to undertake thg construction of a
hydroelectric plant there. < - -

Completing the above-ground excavation carried the
Association through the remainder of 1925 and into the
spring of 1926. This work was at least as difficult as
building the access road. Nearly the entire length of both
spillways had to be excavated out of the canyon walls. Over
500,000 cubic yvards of solid and loose rock needed to be
removed. By March 1, 1926 the job was finished. Aafter over
a vear and a half24Cragin and his men were ready to begin
work on the dam.

{Footnote Continued)

Part II," Western Construction News 5 (July 10, 1930):
319-320; History of the Salt River Project For This Period
October 1, 1924 to September 30, 1925, Chapter Two,
"Engineering, 27-28.

23G. T. Crowe to Elwood Mead, April 4, 1925; P. W.
Dent, Acting Commissioner, Bureau of Reclamation to Hubert
Work, Secretary of the Interior, April 13, 1925, Record
Group 115, General Administrative and Project Records, :
1919-1929, National Archives, Washington D. €. Copy of this
letter is available at the Salt River Project Research
Archives. The road to the camp site below the dam was :
rassable by March but was not completely finished to the dam
until May. C. C. Cragin, "Horse Mesa Dam, Salt River
Project, Arizona," 174; Historvy of the Salt River Project
For This Period October 1, 1924 to September 30, 1925,
Chapter Two, "Engineering," 30.

24From solid rock, the Association excavated 421,000

_cubic yvards and in loose material, 117,000 cubic yards.

Work was taken to sufficient depth to eliminate the
(Footnote Continued)
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Foundation excavation, a simple open cut, was accomplished
using the P & H shovel and Osgood steam shovel which were
made available after the recad grading was completed. These
pileces were converted into drag lines and used in
conjunction with the Monighan shovel, which had been
released from Mormon Flat. The bedrock gecleogy, composed of
the same rhyolite breccia found at Mormeon Flat Dam and
throughout the area, was inspected by representatives of
Inspiration and Anaconda Copper companies, by the Bureau, by
Cragin and O'Hara, and by P. J. Lynch who was in charge of
construction. Excavation at the south haunch was carried to
a horlzontal depth of 125 feet due to the appearance of
several large seams. Grouting holes were staggered over the
entire base of the dam. These holes were drilled to a depth
of thirty feet and grouted with one part cement and one part
sand under thirty pounds of pressure. Grouting was carried
into the bedrock from holes left in the concrete after the
dam reached a height of fifty feet. Grout work was also
done at the sides of the north and scuth haunch, and at the
gsouth spillway. @Grout pressures of up to two hundred pounds
Eer sqyare inch were used for depths of fifty to two hundred
get.

The Salt River was controlled primarily by closing the gates
at Roosevelt Dam. Downstream runcff below Roosevelt
by-passed the constructicon area through a wooden flume
measuring three hundred feet long, twenty feet wide, and ten
feet deep. The flume was placed at the south end, or left
side, of the foundation work. Water was channeled into the
flume by a sand and gravel coffer dam. The 22,000 cubic
vards of questionable foundation rock was used-to create a
spoil bank or downstream coffer dam to prevent tail water
from receding into the foundation pit. Seepage water was
removed from the foundation area by four Kimball pPumps
recently used for the same purpese at Mormon Flat. :

(Footnote Continued)
appearance of any seams. C. C. Cragin, "Horse Mesa Dam,
Salt River Project, Arizona,™ 175.

25For the specifics on the grouting program at Horse
Mesa, see €. C. Cragin to D. €. Henny, Consulting Engineer,
April 21, 1928, Historical File 480.2, Salt River Project
Research Archives. See also C. C. Cragin, "Horse Mesa Dam,
Salt River Project, Arizona,' 175.

26¢. ¢. cragin to D. C. Henny, April 21, 1928; C. C.
_Cragin, "Horse Mesa Dam, Salt River Project, Arizona,'" 175;

"Construction Progress Salt River Project," The Assoclated
Arizona Producer 3 (March 15, 1926): 5.
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The method by which Cragin and his engineering staff -
obtained sand and gravel for concrete was unusual for this
class of construction. Aggregate was obtained by dredging
the river. Gravel bars in the stream bed from .75 miles to
three miles upstream from the dam site were dug using a pair
of three cubic yard electrically operated clamshell
derricks. Buckets were mounted on forty by sixty foot
barges built at the dam site. Excavated material was dumped
onto three scows having a forty vard or six ton capacity.
These were then towed to the dam site by two tugboats which
the Association purchased in San Francisco and trucked to
the site. At the dam site a third clamshell unloaded gravel
from the flat bottomed boats and deposited it through a
separator, called a grizzly, and then into a bin. From
there aggregate was dumped into cars which then travelled
350 feet above the stream bed to another storage bin. The
system was so automated that the unloading derrick rose
along with the water level behind the dam. The dump cars
operated automatically on a double track synchronized so
that the empty car w3s counterbalanced to descend while the
full car ascended.

The mixing plant, along with the gravel, sand, and cement
storage bins, was literally perched on a small bench against
the southside cliff, fifty feet above the south spillway. A
pair of one-yard mixers from Mormon Flat and the another
held in reserve were used to mix the concrete. Aggregate
was discharged automatically in measured quantities into the
mixers where the correct amount of cement was added. Water
was poured automatically through a device called an
inundator.

Fresh concrete was then moved to the Insley tower which had
been reconstructed on the south overhang after being
disassembled at Mormon Flat. Built three hundred and forty
feet high, and seven hundred feet above the stream bed, the
tower hoisted concrete and then dumped it into twenty-inch

2"I?ox.«rarc’xs the end of construction the clamshells were
obtaining aggregate from water up to one hundred feet deep.
The tugboats were brought to Mesa by rail and then trucked
to the dam site. Aggregate was separated into a three
compartment bin. O©One bin contained sand, ancther gravel
under three inches in diameter, and another with material
three to six inches in diameter. C. C. Cragin, "Horse Mesa
Dam, Salt River Project, Arizona," 175; Historv of the Salt
River Project For This Period Qctober 1, 1925 to September
.30, 1926, Chapter Two, "Engineering," 2-3; "Pouring Concrete
in Progress at Horse Mesa Dam," The Assoclated Arizona
Producer 4 (June 1, 1926): 2-3.
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"down comer" chutes positioned to f£ill the construction
forms. A total of one thousand feet of chute lines were
usad., The long steel tower members were suspended from sky
lines and offset by a pair of seventy~-five foot counter
balances. The other Insley steel guy derrick used at Mormon
Flat was also employed at Horse Mesa. It was positiocned
just above the south spillway and was used to move forms and
rehandle material. Cement was delivered to the mixing plant
by twenty-seven, five-ton Pierce-Arrow trucks which hauled
cement and other material forty-four miles from Mesa.

Cement sacks were unlcoaded at the sigrage shed through the
use of an automated belt conveyor.

Concrete was first poured for Horse Mesa Dam on May 26,
1926. From that day, concrete was placed almost
continuously. Six-inch diameter plums were added to the
freshly poured concrete to guarantee that each pour
completely filled the form. As in the construction of
Mormon Flat, contraction joints were left in the work. Five
evenly-spaced openings divided the dam into six separate
sections. The faces of the adjacent edges were keyed and
the hardened concrete was painted with asphalt before fresh
concrete was poured against it. Filling the gaps was done a
minimum of thirty days after pouring the original concrete.
Concrete was used to grout tE? contraction joints at two
hundred pounds of pressure.

From May through the remainder of 1926, the dam rose
steadily. Although both concrete mixers could produce about
a thousand cubic yvards per day, actual progress averaged
about half that. By July, the diwversion flume was torn down
because the dam had risen sufficiently to install the
penstock openings. Water was then conveyed through the
three penstocks. By December 1926 the dam had risen more
than one hundred feet from the foundation. By the end of

28The Insley tower was erected one hundred feet higher
than it had been at Mormon Flat. C. C. Cragin, "Horse Mesa
Dam, Salt River Project, Arizona," 175; History of the Salt
River Project For This Period QOctober 1, 1925 to September
30, 1926, Chapter Two, "Engineering,'" 3; Kollgaard and
Chadwick, Development of Dam Engineering in the United
States, 7; "Pouring Concrete in Progress at Horse Mesa Dam,"
3.

29C. C. Cragin, "Horse Mesa Dam, Salt River Project,
Arizona,™ 175; "Pouring Concrete in Progress at Horse Mesa
_Dam," 3; History of the Salt River Project For This Pericd
QOctober 1, 1925 to September 30, 1926, Chapter Two,
"Engineering," 3.
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the year the Associatiogohad also completed all of the 110
KV transmission lines.

As work continued into the spring of 1927, it was necessary
t0 ralse the water level in the reservoir as quickly as
construction weould permit. The Associaticn needed tc bring
the reservoir up to the spillway level to meet the coming
summer irrigation demand. Water stored behind Mormon Flat
Dam had been nearly exhausted the previous summer. Its
reservoir had conly thirteen thousand acre feet remaining.
By July 1 Horse Mesa Dam reached its spillway cre§E
elevation and water was released to Mormon Flat.

There was another advantage in immediately £filling the
reservoir behind Horse Mesa - hvdroelectric benefits.

Cragin constructed the hydroelectric power plant at the same
time he built the dam. The floor for the plant was poured
in July 1926, two months after the first concrete laid for
the dam foundation. In April 1927, while the dam face
continued upward, the power plant building was finished and
the first of its three 10,000 kw hydroelectric generating
units was placed in operation. Initially, the unit operated
under a marginal head of 119 feet. But because the
Assoclation filled the reservoir rapidly, all three turbines
were running under a full head by the summer. The early
completion of the power plant provided the Association two
benefits. It satisfied Inspiration's thirty-six month
contractual provision, and it allowed the Association to pay
for the project's construction costs while the dam was still
being built. Through the end of construction, the
hydroelectric plant generated twenty—-two million k%%owatt
hours for a net profit of approximately $150,000.

3OIbid; "Cconstruction Progress —--- Horse Mesa Dam," The
Assoclated Arizona Producer 4 (August 1, 1926): 5.
31

"The Filrst Foot of Water Over The Spillway at Horse
Mesa Dam July 1, 1927," The Associated Arizona Producer 4
(July 1, 1927): 1, 5.

32Historv of the Salt River Project For the Period
October 1, 1925 to September 30, 1926, Chapter Two, '
"Engineering," 3; History of the Salt River Project For the
Period October 1, 1926 to September 30, 1927, Chapter Two,
"Englineering," 2; "Horse Mesa Power Plant Starts Producing
Income at Rate of $2,000 a Day,' The Associated Arizona
Producer 4 (April 1, 1927): 3,5; "Farmers Get Big Income
~From Horse Mesa Development," The Associated Arizona
"Producer 4 (May 1, 1927): 5; "Last Concrete Poured at Horse
{Footnote Ceontinued)
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On August 4, 1927 the last of the dam and power plant's
152,000 cubic vards of concrete was poured. All the forms
were stripped by October 1. The only remaining work item
for the project was the realigmment of 7.5 miles of the
Apache Trail, inundated by the reservoir formed behind Horse
Mesa Dam. This work was completed by the State Highway
Department under an April 29, 1922 contract with the
Association. Under the agreement, the Highway Department
agreed to take over maintenance of the road from the 13
Association and integrate it into its state road system.

Horse Mesa cost $5.319 million. This exceeded the $4.743
million estimate by $576,000. Considering the expense in
accessing the site, performing the above-stream excavation,
and employing seven hundred men at the site, Cragin did not
believe the overrun excessive. In fact, he felt fortunate
because costs could have been considerably higher. The..
redesign of the dam, he calculated, produced a material
savings estimated at $30,000. The Asscociation saved
$200,000 by hauling egquipment and material to the dam site
itself. The availability of Associaticon equipment and an
experienced lahor force also saved an appreciable amount.
"The ability to synchronize construction work with ordinary
project operations, and the savings effected in supervision
and in the ability to change plans to meet conditions
encountered,” Cragin wrote, "combined to give the force
account method of construction an advantage over contract
work, the gygss savings being conservatively estimated at
$500,000."

The completion of Horse Mesa Dam in the fall of 1927 did not
signify an end to the Association's hydroelectric expansion
program. More work remained. Before Cragin and the

{Footnote Continued)

Mesa Dam --- Power Inccme For Year Over $1,500,000," The
Associated Arizona Producer 4 (August 15, 1927): 5.
33

C. C. Cragin, "Horse Mesa Dam, Salt River Proiject,
Arizona," 176; History of the Salt River Proiject For This
Period October 1, 1926 To September 30, 1827, Chapter Two,
"Engineering," 3. '

34History of the Salt River Project For This Period
October 1, 1926 to September 30, 1927, Chapter One, "Annual
Report of General Superintendent and Chief Engineer," 6-8.
The only unanticipated expense in the construction of Horse
Mesa was repalring the damage from a fire in the camp. This
was a nominal cost of $381. For an itemized list of Horse
“"Mesa Dam construction expenses see Chapter Two,
"Engineering," 4-21.
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Association rested they saw that additional hydroelectric
output could be produced by taking advantage of the Salt
River's drop between Mormon Flat and the Project's river
diversion works at Granite Reef.
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Chapter Five: Post-Construction: Additions to the
Association's Hydroelectric Program and Modifications to
Mormon Flat and Horse Mesa Dams

The completion of Mormon Flat and Horse Mesa dams in 1927
did not signify an end to the Association's hydroelectric
expansion praogram. In Cragin's 1922 report he included the
possibility of developing the Salt River below Mormon Flat
Dam. In his study, Cragin stated that the "final step in
developing the full head of the Salt River between Roosevelt
and Granite Reef" would be to divert water off the Salt and
convey it through a canal to the Verde River where it could
be run for power. To do this, he suggested that a dam be
built at Stewart's Ranch or Stewart Mountain, approximately
ten miles below Mormon Flat. Salt River water could then bhe
diverted into an eighteen mile canal running to the Verde
River. Salt River water could generate power .or be stored
on the Verde behind another, vyet unbuilt dam, when the
irrigation demand was low and water was run for power anly
or when the Salt was running for irrigation and power
production. Cragin did not clearly describe his plan for
this stage ¢of the development, providing no explanation why
the Project should use Salt River water to generate
hydroelectric power on the Verde River. Regardless, he
realized that there was another two hundred feet of drop
between Marmon Flat and Granite %eef that could be used to
generate more hydroelectricity.

In 1922 Cragin had left the development of the Salt River
below Mormon Flat to "some future time" when the value of
power and the growth of the Valley reguired it. In 1928,
circumstances demanded it. In Phoenix and surrounding area
CALAPCO delivered twenty-four million kilowatt hours of
electricity in 1923. 1In 1927, it delivered forty-one
million kilowatt hours, sixteen million kilowatt hours of
which were provided to it by the Association. By 1932,
CALAPCO estimated that its load would more than double to
eighty-four million kilowatt hours. CALAPCO's need for
additional Association hydroelectric power was certain.
Added to this, the Assoclation was feeling the demand for
increased domestic rural electrical service from its
shareholders. It received over one thousand applications
for electric service from its members in 1927. Also, the
construction of a dam at Stewart Mountain offered the
Association the ability to satisfy its irrigation demand
more quickly since the regulating facility would be closer
to Granite Reef Diversion Dam. For these reasons, Cragin

lCragin, "Report on Proposed Additiconal Hydro-Electric
Power Development of the Salt River," 32-33.
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—and Reid proposeg in 1928 to construct a third power dam on
the Salt River. :

Cragin constructed Stewart Mountain Dam using the same
fiscal formula he used to fund the construction of Mormon
Flat and Horse Mesa damsS: securing agreement with industry
to buy a minimum of hydrocelectric output. ©On February 8,
1928, the Association and CALAPCO entered into a fifty year
agreement whereby CALAPCO would purchase seven thousand
kilowatts of power generated from the proposed ten thousand
kilowatt power plant at Stewart Mountain. At $.008 cents
per kilowatt hour, the Association could anticipate an 3
annual revenue of $520,000 from the CALAPCO agreement.

In May 1928 Association shareholders approved a bond issue
for $4.1 million for Stewart Mountain Dam's construction.

Of this amount, $2.3 million would be used to construct ‘
Stewart Mountain; $i.2 million would ke used te pay for the
Valley electrical distribution system to service primarily
Assoclation rural shareholders; and $600,000 would be used
to repay a portion of the original Roosevelt Dam debt owed
the federal government. The bonds were scld in June and
construction began in October, immedi%tely after money
became available from the bond sale.

2”The Stewart Mountain Development,'" The Associated
Arizona Producer 6 (February 15, 1928): 1; "Detalls of
Stewart Mountain Development," The Associated Arizona
Producer 6 (February 15, 1928): 2, 11.

3The $.008 rate was fixed for the first thirty years of
the contract. After that period the rate became negotiable.
The February 1928 CALAPCO contract was printed in full in
"Stewart Mountain Contract," The Associated Arizona Producer
6 (February 15, 1928): 4-5, 8-9, 11-12; "Detalls of Stewart
Mountain Development," 11; History For the Period October 1,
1927 to September 30, 1928, Chapter One, "Annual Report of
General Superintendent and Chief Engineer," 6. See also,
John Quincy Jewett, "Economic Analysis of the Hydro-Electric
Power System of the Salt River Irrigation Project in
Arizona," (M.A. thesis, University of Colorado, 1929),
41-43, ,

4Bonds were approved by special election on May 8 after
the first election held on March 20 failed to get the
required three-fourths ratio needed for approval. There
were two bids accepted for the issuance. The first bid was
for $.9686, but after litigation challenging the bonding
delayed the award, the bidders withdrew their offer. The
highest bid under the second set of proposals was for $.93

(Footnote Continued)
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Stewart Mountain Dam was also designed as a variable radius
constant angle arch dam. The dimensions of the 212 foot
high dam were computed using the trial load methed. Storage
capacity behind the dam was calculated at seventy thousand
acre feet. The power plant was served by a 13.5 foot
diameter penstock. The plant was fitted with a single,
17,500 horsepower generating unit. Three additional
openings were provided: a pair of seven foot diameter
penstocks, and ancther eight feet in diameter. The east
side spillway was closed using nine Taintor gates the same
size as those at Mormon Flat and Horse Mesa dams. The
spillway had the same estimated discharge capacity of
150,000 cfs. Work on the dam and power plant was completed
in March 1930 and power was made available that same month.
The cost of the work exceeded the $2.3 million estimate by
$190,000. The increase was due to 45,000 cubic yards of
added concrete needed to completed the work gue,to the
conditions found while excavating the site.

{Footnote Continued)

at 5.5 percent interest. This was accepted. History of the
Salt River Project For This Period October 1, 1927 to
September 30, 1928, Chapter Cne, "aAnnual Report of General
Superintendent and Chief Engineer," 8, and Chapter Two,
"Engineering," 2-5. For information on the bond ilssuance,
Ssee "Stewart Mountain Development and Valley Electrification
Now up to Vote of Farmers," The Associated Arizona Producer
7 {(March 15, 1928): 3; "Do You Want Electricity in Your
Home?" The Associated Arizona Producer 7 (March 15, 1928):
11; "The Other Side of the Stewart Mountain Question, What
Oppeonents Advocate," The Associated Arizona Producer 7 (May
1, 1928): 1; "Facts About the Salt River Project Power
System and Stewart Mountain Development," The Assoclated
Arizona Producer 7 (May 1,1928}: 2, 5; "Stewart Mountain
Development and Valley Electrification," The Associated
Arizona Producer 7 (May 15, 1928): 1; "The Stewart Mountain
Power Development," The Associated Arizeona Producer 7
{September 15, 1928): 4; "Contract for Sale of Stewart
Mountain Development Bonds," The Associated Arizona Producer
7 (September 15, 1928): 5.

5For construction information, see History of the Salt
River Project For The Period October 1, 1927 to September
30, 1928, Chapter Two, "Engineering," 2-5; History of the
Salt River Proiject For The Period Qctober 1, 1928 to
September 30, 1929, Chapter Two, "Engilneering," 2-12 and
drawings and photographs following; History of the Salt
River Project For The Period October 1, 1929 to September
30, 1930, Chapter One, "Annual Report of General

+ . .Superintendent and Chief Engineer," 11-12, and Chapter Two,

"Engineering," 2-6; T. A. Hayden, "Salt River Project,
(Footnote Continued)
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While Stewart Mountaln was under construction, the
Association also completed its Valley electrification
program. From November 1928 through September 1929,
Assocliation work forces erected seven hundred steel poles
over a distance of four hundred miles and constructed eight
substations. The completion of the electrification program
enabled the Association to increase its rural service
dramatically. While lines were strung, the Association
nearly doubled the number of those shareholders receiving
electrical power. In 1928-1529, 1,638 new customers were
added to the 933 shareholders already receiving power. The
electrification program was not inexpensive. The work's
cost exceeded the projected estimate of $1.2 million by
nearly twenty percent, or $261,000. This was due primarily
to the unanticipated difficulty in meeting riggt—of—way
requirements in constructing the .substations.

The completion of the rural electrification project marked
the end of the Association's hydroelectric expansion
program. After eight years of planning and construction,
the $12.5 million development was complete. The added
generating capacity at Roosevelt and the construction of
hydroelectric plants at Mormon Flat, Horse Mesa, and Stewart
Mountain dams increased the Association's electrical
capacity nearly five times from eighteen thousand kilowatts
to eighty-three thousand kilowatts, or from 25,000
horsepower to 111,000 horsepower. The maximum annual
kilowatt hour production tripled from eighty-five million
kilowatt hours prior te 1922 to 270 million kilowatt hours.
Correspondingly, revenues increased from a maximum annual
gross income of $640,000 prior to 1922 to $2.6 million with
the hydroelectric additions.

(Footnecte Continued) :
Arizona, Part II," 322-327; J. S. Connell, "Organization,
Equipment and Methods, Building a Huge Irrigation and Power
Project in Arizona,"” Contractors and Engineers Monthly 27
{August 1930): 55-60; and "Fourth Dam Built on Salt River,
Water Users Finish $2,300,000 Structure at Stewart Mountain,
Adding 70,000 Acre Feet Storage and 15,000 H. P. to
Electrical System," The Arizona Producer 9 {April 1, 1930):
1, 4. In March 1930 (volume nine) The Associated. Arizona
Producer changed its name to The Arizona Producer.

6History of the Salt Riwver Project For the Pericd
Octcober 1, 1928 to September 30, 1929, Chapter One, "Annual
Report of General Superintendent and Chief Engineer,” 10-11,
and Chapter Six, "Power and Pumping Division,"10-11; History
of the Salt River Project for the Period October 1, 1929 to
September 30, 1930, Chapter One, "Annual Report of General
Superintendent and Chief Engineer," 13-14.
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In addition to the mines, including Magma, Miami, Belmot,
and Nevada Consolidated Copper, and CALAPCO, the Association
provided electricity to portions of Phoenix and its
neighboring communities, manufacturers, dairies, flour
milling and ginning enterprises, irrigation and electrical
districts, and its shareholders, over 3,300 by the end of
1930. The Assoclation's system was also integrated with
other electrical power producers. Thig enabled the
Association te supplement its hydroelectric system, when
needed, with power purchased from steam units operated by
the mines, CALAPCO, and the Arizona Power Company. For the
irrigation side of the project, the exXpansion plan developed
nearly 650,000 acre feet of water enabling approximately
34,000 acres of previously unirrigated land to come into the
project.

With the expansion plan finished, Frank Reid resigned as
President of the Association. He chose not to seek
reelection in April 1930. John H. Dobson of Tempe defeated
Irving de R. Miller for Association President in a close
election. On May 5, the day Dobson took office, and almost
exactly ten years after he assumed office8 Reid made his
final address to the Association Board.

In reviewing his five consecutive terms as President, Reid
highlighted many of his administration's accomplishments.
Under his leadership, of course, Reid stated that the
Association had dramatically increased its electrical
revenues to the extent that shareholders' assessments would

7The History of the Salt River Project for the Period
October 1, 1929 to September 30, 1930, Chapter One, "Annual
Report of General Superintendent and Chief Engineer," 7, and
Chapter Six, "Power and Pumping Division," 2, 13. :
The 270 million kilowatt hours were generated in 1927-1928.
The hydroelectric expansion program also added 1,150 miles
of 110 KV power lines. Rural customers in 1922-1923
numbered fifty-seven and consumed $4,571 in electricity. 1In
1929~1930 rural customers added $250,000 to the
Assoclation's electrical revenues. History of the Salt
River Project for the Period October 1, 1930 to September
30, 1931, Chapter Six, "Power and Pumping Division," 14.
The extent and variety of the Association's electrical
customers is best seen by filing through the eighty pages of
customers the Association lists in its 1930-1931 annual
history.

_ 8"Water Users' Election," The Arizona Producer 9 (April
1, 1930): 3; "Dobson W. U. A. President," The Arizona
Producer 9 (April 15, 1930): 6; "Dobson Heads W. U. A.," The
Arizona Producer 9 (Mav 15, 1930): 2.
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soon cease. '"Something," he hoped, "[that] would come :
soon." The Association also reduced its gross operation and
maintenance costs despite the addition in project acreage
and the increase in water and power deliveries. Through his
administration's drainage program, the project's groundwater
table problem was relieved. Reid also added 180 groundwater
pumps to the project, remedied many of Phoenix's flooding
problems by supporting the 1922-1923 construction of Cave
Creek Dam, improved the Assoclation's canal and lateral
system, and established solid lines of banking credit.

After these many accomplishments, Reid felt it time he
retire from the Association. Shortly after resigning, he
moved to California where he became igterested in farm and
0il lands in the San Joaguin Valley.

Despite the successful completion of its hydroexpansion
project, the Association unfortunately could take little
satisfaction in its accomplishments. Before Stewart
Mountain Dam was completed, the 1929 stock market crash
caused a severe economic downturn in both the national
farming and industrial economies. This resulted in the
lowest level of prosperity among Valley farmers since the
post-war 1920 depression. Gross crop returns for the
project were forty percent less in 1930-1%31 than the
previous year. A severe drought also worsened conditions.
Combined water storage for the Association's four dams in
1930~1931 equalled 150,000 acre feet, fﬁr below the their
1.7 million acre feet total capacity.

The Depression also impeded full utilization of the
Association's newly expanded power network. The failed
national economy had a significantly adverse affect on
central Arizona's power market. The electrical needs of
Arizona's copper industry, always the Association's major
electrical customer, lowered appreciably during the early
1930s. In 1929 state mines produced an income of $226
million. By 1934 the economic downturn reduced that figure
to $15 million. This had a corresponding effect on the
Assoclation's kilowatt hour deliveries. In 1930-1931 the
mines used ninety million kilowatt hours of Association

9F, A. Reid, "0Old President's Statement, Review of 10
Years in W. U. A. History Shows Real Progress Made," The
Arizona Producer 9 (May 15, 19390): 3, 5, 11. Reid died at
the age of eighty-one years in 1961 in Bakersfield, '
California.

lOCrop values fell from $25 million in 1925 to a low of
$9.6 million in 1932. History of the Salt River Project for
the Period October 1, 1930 to September 30, 1931, "Annual
Report and Financial Statement," 3-4, 7.
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power. In 1933-1934 they used twenty-three million kilowatt
hours. Net Association power income p}gmmeted from $676,000
in 1929-1930 to $61,000 in 1931-1932.

The losses in crop and electrical revenues through the 1930s
caused the Association to fail again to meet its federal
repayment obligations. In 1927 the Association did not meet
its annual installment; however, in 1928 it made & double
pavment with money raised from the Stewart Mountain Dam bond
issue. The Association fell delinguent again in 1930
because of the Depression. Under an agreement with the
United States dated June 30, 1930, the Association was able
to pay its 1929, 1930 and 1931 installments and lower its
$4.879 million federal debt by $1.829 million by assuming a
$3 million refunding bond in 1930. The remainder of the
bond went to pay ocutstanding short-term bank loans. After
the Association met its 1929-1931 annual installments,
subseguent payments were ostensibly deferred uni%l 1937 by a
federal reclamation relief act passed in 1932.

In his 1932-1933 annual report, Harry Lawson, who replaced
Charles Cragin as General Superintendent and Chief Engineer
in May 1933, characterized the Association's harsh economic
situation by writing, "So widespread and critical was the
distress affecting people in all walks of life during the
year just closed that old laws and practices broke with the
strain." The only money the Association was able to raise
was a $880,000 loan from the federal relief agency, the
Reconstruction Finance Corporation. This money was used to

llA complete account of the Association's financial
condition for this periocd is contained in Barry Dibble,
"Engineering and Economic Examination of Salt River Valley
Water Users' Association, Salt River Project," January 1935,
1-141, plus appendixes. Copy available at the Salt River
Project Research Archives. Historv of the Salt River
Project for the Period October 1, 1929 to September 30,
1930, Chapter One, "Annual Report of General Superintendent
and Chief Engineer," 1-6, and Chapter Six, "Power and
Pumping Division," 35-36; Historvy of the Salt River Project
for the Period COctober 1, 1934 to December 31, 1935, "Annual
Report and Financial Statement," 1; and Chapter Six, "Power
and Punping Division," 45, 48,

12The $3 million refunding bond was issued at six
percent interest and due on November 1, 19256. Dibble,
"Engineering and Economic Examinatlion of Salt River Valley
Water Users' Association," 36-37, 44-45, The Asscciation
" obtained deferment under the aAct of April 1, 19232, 47 Stat.
75, see Pelz, Federal Reclamation and Related Laws
Annotated, 490-495.
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support shareholders' farming operations and to retire part
of $1.059 million in bank notes. The sale of power was
expected to make the dams self-supporting, repay the federal
debt and the money borrowed for construction, pay for the
operation of the irrigation system, and someday rid
Assoclation shareholders of acreage assessments. Instead,
hydroelectric expansion costs, combined with the Depression,
left the Associ@tion thoroughly plastered in bond
indebtedness.

If its failed financilal condition did not cause the
Assocliation enough pain, newly-found technical problems at
the dams compounded its suffering. Just three years after
the Association completed Stewart Mountain Dam, consulting
engineer William S. Cone found that the spillways for all
four Salt River dams were inadequate. 1In a report requested
by the Association's new General Superintendent, Cone wrote
in July 1933 that the 1916 Salt River flood caused the
canyon walls below the spillways at Roosevelt Dam to
"disintegrate" to the extent that it was feared that the
rock would "wear back the spillway crests." The flood
releases also put the power house under seven feet of water
making it inoperable. Spray also drenched all electrical
apparatus and made it impossible to operate anything
electrical within the area of the dam. Cone feared that

13Harry Lawson was graduated from Purdue University in
1905 with a degree in electrical engineering. He worked for
various electrical shops and companies until 1914 when he
joined the Reclamation Service at the Salt River Project.
He was the Association's power superintendent from November
1, 1917, the date the Association took over operations of
the project. Lawson, however, did own farm land in the
Valley since 1908. "Lawson Here Since 1908," Arizona
Republic, May 2, 1933, 4. The Reconstructicn Finance
Corporation loan was fairly complicated. To obtain the loan
the Association had to set up a subsidiary company called
the Agricultural Credit Finance Corporation Ltd. because the
Reconstruction Finance Corporation did not belleve that it
could lend money directly to the Assoclation. For details,
see Dibbkle, "Engilneering and Econcmic ExXamination of Salt
River vValley Water Users' Association," 50-54; History of
the Salt River Project for the Period October 1, 13531 to
September 30, 1932, "Annual Report and Financial Statement,”

-~ 2=3; Historv of the Salt River Project for the Period

October 1, 1932 to September 30, 1933, "Annual Report and
Financial Statement," 1-2, 5-6.
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another 191% f}god would cause equal if not greater damage
at Roosevelt.

Cone estimated that conditions would be as bad or worse
after a similar flood at Horse Mesa, Mormon Flat, and
Stewart Mountain dams. The south side cliff at Horse Mesa
was already '"badly seamed" and had begun to slide to the
extent that the road to the south spillway was obliterated.
To reach the top of the dam to operate the spillway gates,
Cone commented, required one to "c¢rawl over loose rock for
some distance." To do this in heavy rain, Cone believed,
would be "exceedingly dangerous." Additionally, Cone
concluded that there was no way to get in or out of the
Horse Mesa power house if the spillways were opened. At
Mormon Flat the first opening of the spillway would
immediately erode loose fill and cause it to pour into the
power house, "probably wrecking the plant and making a
prisoner of anyone who happened to be in there." In Cone's
opinion, "the plant would be ruined with the first discharge
of the spillways." The initial release at Stewart Mountain,
Cone stated, would pour a gravel bank into the river
directly in front of tTe power plant and probably clog the
plant's draught tube. > '

Cone concluded his inspection report by writing, "I am sure
in my mind that a real menace exists, especlally at Horse
Mesa." He continued stating further that conditions were
such that, "in some respects the possibilities of another
St. Francis disaster are evident here." The St. Francls Dam
failure had killed approximately four hundred people in
California in 1928. If a flood of 1916 proportion occurred,
not only would the power plants be taken out, but the cost
in damages would equal, Cone said, a "very considerable sum
of money." Bevond recommernding that further examination of
the spillways be made, Cone specifically advised that a
method be devised for somecone to escape from the Horse Mesa

14"Report on Inspection of Horse Mesa, Mormon Flat and
Stewart Mountain Developments by Wm. S. Cone, July 21,
1933," 1-10, Record Group 115, Salt River Project -
Correspondence, 301-1, 1930-1945, National Archives,
Washington D. C. Copy of report is available at the Salt
River Project Research Archives. Greig Scott to Elwood
Mead, August 16, 1933, Record Group 115, Salt River Project
Correspondence, 301.1, Natiocnal Archives, Washington D. C.
Copy of letter available at the Salt River Project Research
Archives. History of the Salt River Project for the Period
October 1, 1932 to September 30, 1833, Chapter Two,
"Engineering," 3. _

15

Ibid- r 4_70
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power plant if the spillways were opened; the Mormon Flat
spillway be rebuilt; and the spillway channel at Stewart
Mountain be completed. Cone estimated that to repairlghe
Association's spillways would cost roughly $500,000.

Cone's report was followed by two Reclamation studies made
in 1934. The first report reviewed the Salt River's flood
record, evaluated rainfall and runoff data, and calculated
discharge amounts for an assumed flood based on the river's
histery. The report concluded that the project dams needed
spillways capable of passing 175,000 cfs for extended
periods, WiE? the ability to pass 200,000 second feet in an
emergency.

The second report, completed in February 1935, was an
inspection of all four dams made by Reclamation engineers D.
C. McConaughy and R. S. Lieurance. After visiting Horse
Mesa, these men concluded that the dam could not safely’
release any water from the left spillway, the one above the
power plant. At the right spillway, they determined that
the estimated capacity was appreciably lower than 65,000 to
70,000 cfs because of its narrow approach. At Mormon Flat,
the engineers found that it "would be desirable to abandon
the present spillway entirely." At Roosevelt, the spillway
capacity should be increased; at Stewart Mountain,
McConaughy and Lieurance decided that the spillway channel
needed improvement, and better afgangements were necessary
for opening the spillway gates.

16Ibid., 8-10. For more on the St. Francis failure,
See Charles F. Qutland, Man-Made Disaster, The Story of St.
-Francis Dam, (Glendale, California: The Arthur H. Clark
Company, 1963).

17E. B. Debler and H. J. Tebow, "Spillway Requirements,
Salt River Project Dams," December 28, 1934, U. S. Bureau of
Reclamation, 1-14, Record Group 115, Salt River Project
Correspondence, 301-1, 1930-1945, Naticnal Archives,
Washington D. C. Copv of report is available at the Salt
River Project Research Archives.

18D. C. McConaughy and R. S. Lieurance, "Report on
Stewart Mountain Dam, Mormon Flat Dam, Horse Mesa Dam,
Roosevelt Dam, Salt River Project, Arizona," February 1,
1935, U. S. Bureau of Reclamation, 1-15. Record Group 115,
Salt River Project Correspondence, 1930-1945, National
Archives, Washington D. C. Copy of the report is avallable
at the Salt River Project Research Archives. At Horse Mesa

. and Mormon Flat, the approach channels to the spillway gates

were narrow and the spillway piers were set athwart or
(Footnote Continued)
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In their conclusions, McConaughy and Lieurance found that
none of the four spillways met the 150,000 cfs estimate. At
Roosevelt, discharge capacity was calculated between 113,000
cfs and 123,000 cfs; 105,000 cfs at Horse Mesa; 95,000 cfs
at Mormon Flat; and 140,000 cfs at Stewart Mountain. At all
dams except Roosevelt, spillway discharges would act to
prevent access to the power plants. Plans to operate the
splllway gates were inferior. At Horse Mesa, the only low
level outlet was through the power unit which made proper
operation of the reservoir inadequate. McConaughy and
Lieurance recommended that for an estimated $4.3 million,
considerably more than Cone thought, all spillway
capacities, spillway channels, and gate hoisting egquipment
be improved; safe access to the power houses and spillway
gates be made; the left spliliway at Horse Mesa be aban?gned;
and that both abutments at Horse Mesa Dam be grouted.

Under prevalling economic conditions it was not likely that
the Association could finance work to improve its spillways.
It persuaded the Bureau of Reclamatlon, however, to perform
the spillway work as part of the contract to construct
Bartlett Dam on the Verde River. After years of conflict
with the Verde River Irrigation and Power District, the
Department of the Interior awarded the Association the
rights to stored water on the Verde River. On November 26,
1935, the Association signed a contract with the Bureau of
Reclamation in which the Bureau would construct Bartlett Dam
on the Verde River approximately twenty-five miles above the
Salt and Verde River confluence. The dam would store
between 170,000 and 200,000 acre feet of water. Also
included in the contract were provisions to improve the
spillways at Roosevelt, Horse Mesa, Mormon Flat and Stewart
Mountain dams. All the work would be funded under an

- interest free loan of up to $6 million made to the
Association by the Emergency Relief Appropriation Act of

{Footnote Continued)
obliguely to the line of water flow. The discharge capacity
was impeded for these reasons. :

lgIbid. For Horse Mesa and Mormon Flat, see F. L.
Ransome, "Geological Report on Spillway Conditions at Mormon
Flat and Horse Mesa Dams, Arigona," April 15, 1935, 1-11
with photographs. Copy available at the Salt River Project
Research Archives. For Horse Mesa, see also E. . Koppen,
"Salt River Project, Horse Mesa Dam and Spillways," July 19,
1935. U. S. Bureau of Reclamation, 1-21, and following
photographs. Copy of the report is available at the Salt
River Project Research Archives.
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1935, the Federal Emergency Administration ogopublic Works,
or some other federal governmental program.

The Bureau began spillway modification work at Stewart
Mountain Dam in January 1936. It consisted generally of
excavating and constructing a c¢oncrete spillway channel f£rom
the spillway to the river and installing new motors and
noisting mechanisms for operating the nine radial gates.
Work at Roosevelt began in April. It entailed lowering the
spillway crests six feet, strengthening the concrete piers,
constructing concrete aprons below the crests, repositioning
the radial gates, installing moteors and heists for each
individual gate and two gasoline engine generators to
operate the gate mechanisms independentliy. Work at both
Stewart Mountiin and Roosevelt Dam was completed by the end
of the year. :

20"Cont::act Between the United States of America and
the Salt River Valley Water User's Association Providing for
the Construction of Bartlett Dam and Repairs to and
Completion of Other Dams and Project Canals," November 26,
1935. Copy available at the Salt River Project Research
Archives. History of the Salt River Project for the Period
Qctober 1, 1934 to December 31, 1935, Chapter Two,
"Engineering,” 5. The $6 million loan was secured from the
Public Works Administration. Assoclation shareholders
needed to ratify the contract, which they did on November
26, 1935. The contract also called for miscellaneous
betterments to the project irrigation system and the
rehabilitation of the Roosevelt Dam Power Canal and
Diversicon Dam. For information on the construction of
Bartlett Dam, see E. C. Koppen, "Building Bartlett Dam," The
Reclamation Era 30 (November 1939): 308-314.

2lFor accounts of the spillway modificatiens, the
construction of Bartlett Dam, and the rehabilitation of the
Roosevelt Power Canal and Diversion Dam, see E. C. Koppen,
"Department of Interior, Bureau of Reclamation, Salt River
Project, Arizona, Project History, 1935-1936," 1-69,
Reprinted, without photos, in History of the Salt River
Project for the Period January 1, 1936 to December 31, 1936.
E. C. Koppen, "Department of Interiocr, Bureau of- : S
Reclamation, Salt River Project, Arizona, Project History,
1537," 1-106. Copy available at the Salt River Project
Research Archives. Reprinted, without photos, in History of
the 8Salt River Project for the Period Januarv 1, 1937 to
December 31, 1937. E. C. Koppen, "Department of Interior,
Bureau of Reclamaticn, Salt River Project, Arizona, Project
- History, 1938," 1-106. Copy available at the Salt River
Project Research Archives. Reprinted, without photos, in

(Footnote Continued) -
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The “contract for the spillway work at Horse Mesa was awarded
to L. E. Dixon Company, Bent Brothers, and Case Construction
Company, all of Los Angeles, in July 1936. Their bid of
$712,000 was the lowest received. The modifications
consisted of two items: excavating a discharge tunnel; and
modifying the spillways by constructing concrete aprons
below the crests of both splllways, reinforcing the existing
spillway gate piers, reconditioning and altering their
position, and installing new operating equipment.

Regrouting the foundation was considered originally as part
of the work but w3s later abandoned. Work began in
September 1936.

The contractors, with a work force of 250 men, started by
erecting a construction camp which included a machine shop,
compressor plant, and an aggregate processing plant.
Preliminary activity also included improving the six mile
road to the dam site from the Apache Trail. Excavating a
520 foot long tunnel with a 150 foot drop, the approach
channel, and the gate house area began in October. The
discharge tunnel was constructed to act as an auxiliary
spillway. Work was started at both ends. At the downstream
side excavation was carried to the tunnel's mid-point. Work
at the upstream side was delayed because the tunnel entrance
was realigned thirty feet socon after work began as a result
of poor rock conditions. Tunnel exca§§tion was thirty-six
percent complete by the end of 1936,

(Footnote Continued)

History of the Salt River Project for the Period January 1,
1938 to December 31, 1938. See also "Bigger Spillways for
Salt River Dams," Engineering News-Record (August 11, 1938):
174-177; J. A. Fraps, "Construction of Alterations to
Spillway, Roosevelt Dam, Salt River Project, Phoenix,
Arizona," June 24, 1937, 1-28 with photos and drawings; E.
C. Koppen, "Construction of Spillway Channel, Stewart
Mountain Dam, Salt River Project, Phoenix, Arizona,'" 1-23
with photos and drawings. Copy of both reports are
available at the Salt River Project Research Archives.

22Other contracts for the Horse Mesa work were awarded
to the Commercial Iron Works of Portland for miscellaneous
parts, to Consolidated Steel Corporation of Los Angeles for
the discharge tunnel gate and frame, and toc S. Morgan Smith
Company of York, Pennsylvania, for delivery of the gate
hoist. .

23'I‘he tunnel was elbowed twenty-seven degrees to allow
water to discharge freely. For a complete account of the

-~ Horse Mesa work, see E. C. Koppen, "Final Report,

Construction, Spillways for Horse Mesa Dam, Salt River
(Footnote Continued)
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Because of difficult working conditions and the inability to
install the fixed wheel gate at the entrance of the tunnel,
the Bureau decided in January 1937 that it would be
necessary to construct a coffer dam above the tunnel intake.
A thirty-foot radius concrete arch dam measuring fifty-sewven
feet high and one foot thick was built while the reservoir
level was down. The dam was constructed in vertical and
horizontal sections. The horizontal joints were separated
with tar roofing paper and a sheet of corrugated iron. Each
1ift or ring section was also jointed at the crown by a
sheet of corrugated metal. Steel cables were attached to
each block section. What leakage cccurred was handled
through a drain. When the tunnel was completed in
September, the coffer dam was dismantled by removing and
dropping the block sections into the reservoir. This
building method enabled construction to progress without
lowering the lake 3&d affecting the output of
hydreelectricity.

The remalnder of the 42,000 cubic yvards of excavated rock
for the tunnel was removed after the coffer dam was finished
in April. After excavation was completed, the tunnel was
then lined with concrete which was prepared by two paving
mixers moved as cleose to the point of placement as possible.
Aggregate was obtained from a point about a quarter mile
below the dam. Fresh concrete was poured using either
buggies elevated on platforms or runways, or placed by
pumpcrete. Concrete for all aspects of the project was

{Footnote Continued) _ .
Project," September 20, 1938, U. S. Bureau of Reclamation,
1-41, including photographs and drawings. Copy available at
the Salt River Project Research Archives. See also,
"Increasing Spillway Capacities at Four Large Dams on the
Salt River," Western Construction News 13 (November 1937):
453-456; "Bigger Spillways for Salt River Dams,'" Engineering
News~-Record 21 {(August 11, 1938): 174-177; Richard T.
Larsen, "Interesting Construction at Horse Mesa Dam," The
Reclamation Era 28 (June 1937); and F. M. Shaw, "Final
Inspection of Salt River Spillways," The Reclamation Era 29
(August 1938): 172, 175. "Project History 1935-1936," 49,
42, 44-45,

24“Project History 1937," 46-47; E. C. Koppen, "Final
Report, Construction, Spillways for Horse Mesa Dam, Salt
River Project," 23-24; "Completing Horse Mesa Dam Spillways

~.1is a Big Job, Building 30-Foot Concrete Tunnel to By-Pass

Water at 80 Miles an Hour," The Arxizona Producer 16 (May 1,
1937): 10. ' :
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placed at night primarilyzgo maintaln a specified
temperature reguirement.

The thirty foot diameter spillway tunnel was closed using a
single, fixed-wheel steel gate measuring forty feet by
forty-four feet and weighing 130 tons. The gate was
installed against twenty-six roller bearings each weighing
one ton. It was operated using a 114 ton counterweight
which was installed in an operating room constructed above
the channel intake. Materials for the gate house and all
structural steel for the gate, gate operating machinery,
reinforcement steel, and forms were conveved from tag north
spillway deck to the tunnel inlet over a cableway.

Reconstructing the spillways and reinforcing the piers at
Horse Mesa was performed in conjunction with the tunnel
work. Apron work on the left or south spillway required
particular care to avoid damage to the switching egquipment
on the roof of the power plant. Most of the excavation for
the spillway aprons was completed by the end of 1936. The
work required the removal of 6,000 cubic yvards of rock.
Pouring the concrete aprons and supporting plers was
particularly slow going due to their position on the edge of
the abutment cliffs. Reinforcing the plers was accomplished
after the radial gates were repositiaged by rotating them
180 degrees about their pivot pins.

Work at Horse Mesa Dam was completed in November 1937 but
only after many difficulties. Beyond the considerable
problems in performing the job and its extremely hazardous
nature, coordinating the construction with the reservoir's
operation proved impossible. While the work was progressing
in June, the contractors were asked to complete the north or
right spillway immediately because the project was suffering
a water shortage. Water was released at 500 cfs on June 24,
but it caused enough spray to put out the power house.
Consequently, the contractor was directed to complete the
discharge tunnel for service. From mid-August through most

25"Project History} 1937," 47-48; Koppen, "Final _
Report, Construction, Spillways for Horse Mesa Dam, Salt
River Project,” 1l6-19. . oo

26"Project History 1937," 47; Koppen,'"Final History,
Construction, Spillways for Horse Mesa Dam, Salt River
Project,”" 20-21; "Completing Horse Mesa Dam Spillways Is a
Big Job," 10.

27"Project History, 1935-1936," 44; "Project History,
1937,™ 47; Koppen, "Final Report, Construction, Spillways
for Horse Mesa Dam, Salt River Project," 7-8, 21-22.
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of September the tunnel was used to pass irrigation water.
When the tunnel was closed on September 20, the contractors
were able to complete the grouting work and paint the gate
and gate machinery. The unanticipated water releases caused
the contractor considerable delays, damage to equipment and
material losses. These requests, combined with the nature
of the work, left the Bureau's Supervising Engineer E. C.
Koppen to conclude that the effect on the entire
construction program left the contractors "demoralized" and
generally made "an orderly and efficlent plan impossible.®
The problems in completing the work were reflected in the
final cost of 5%.16 million, significantly more than the
$712,000 bid.

Despite the adversities, the rehabilitation to Horse Mesa
Dam allowed the Association to pass 50,000 cfs through the
discharge tunnel before opening any of the dam's gates. The
spillway aprons worked to elevate the fallinggwater so that
the abutment walls were saved from erosion.

The Bureau of Reclamation completed its Salt River Project
spillway modification program at Mormon Flat Dam. As at
Horse Mesa, the spillway piers at Mormon Flat were set
athwart to the approach channel and therefore forced the
water to make nearly a right angle turn to spill. This
caused the water to pile up against the piers, impeding the
success of the spillway. The Mormon Flat contract was
awarded to Gunther and Shirley Company and J, P. Shirley,
both of Los Angeles, for a bid of $468,000. Generally, the
contract specifications called for the complete removal of
the existing spillway, constructing a concrete-lined
channel, a gate superstructure, and a pair of f%gty by fifty
foot gates with necessary operating machinery.

28"Project History, 1937," 49.

29Additional miscellaneous rehabilitation items
consisted of f£illing sections of the left abutment with
concrete, constructing a spiral stairway on the downstream
face from the roof of the power house to the top of the dam,
installing a drainage system in the tunnel and a crane in
the gatehouse, and other minor items. Koppen, "Final
Report, Construction, Spillways for Horse Mesa Dam, Salt
River Project," 24; "Project History, 1937," 22.

3OFor a thorough account of the spillway reconstruction
at Mormon Flat Dam, see E. C. Koppen, "Final Report,
Construction, Spillway for Mormon Flat Dam," November 15,
- 1938, U. S, Bureau of Reclamation, 1-27, including
photographs and appendixes; "Project History, 1937," 55-57;
{Footnote Continued)
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Gunther and Shirley moved to the site in March 1937 and
began work by erecting camp accommodations for approximately
thirty-five men. The camp included a mess, a powder house
located about a half-mile below the camp, machine and
carpenter shops, a small warehouse, and a cement shed. Only
a small camp was constructed by Gunther and Shirley because
many of the men housed themselves at tourist camps in the
area and at the abandoned mining town of Goldfield. The
Bureau and the Associlation constructed four permanent homes
at the camp for use by Reclamation engineers and for later
use by the Association's dam operators. The Association
also moved its transformers from the power plant roof and
reroutgg its transmission lines away from the construction
site.

The contractors began work by removing the nine spillway
gates, theilr concrete piers and deck, the spillway's west
retaining wall, and other smaller associated pleces.
Although the gates were initially stored for possible future
use, they were later torched and junked. About 2,500 cubic
vards of concrete were removed from the spillway structure
and channel using a six thousand pound steel headache ball
which was swung from a derrick. The construction
specifications prohibited removing the spillway by 32
blasting in order to maintain the integrity of the dam.

After the removal of the gate works, a concrete arch coffer
dam was constructed to permit operation of the lake
independent of construction. The Assoclation petiticoned the
Bureau to add a coffer dam as an extra construction item
because it calculated that it could generate $50,000 in
electrical revenue if it kept the reservoir full through the
1937 calendar year. The Association also calculated that a
coffer dam would cost $15,000, an expense it gladly agreed
to remit. ‘The dam was built in sections, much like the one
at Horse Mesa. Each four foot 1lift was separated by tar
paper and vertical sections were separated using corrugated
metal and fitted with lifting lugs. The dam was completed
in July. At this time water was being released from Horse
Mesa into the Mormon Flat reservoir to meet the irrigation
demand. But the difficulty in passing water through Horse

(Footnote Continued) : : -
"Project History, 1938," 19, 62-68; and Allen Mattison,
"Spillway Reconstruction at Mormon Flat Dam," The
Reclamation Era 29 {(May 1938): 94-95,

31Koppen, "Final Report, Construction, Spillway for
Mormon Flat Dam," 5-6; "Project History, 1938," &3.

32Koppen, "Final Report, Construction, Spillway for
Mormon Flat Dam," 7.
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Mesa's north spillway and tunnel, combined with-the
continuous release of water from Mormon Flat, caused the
Mormon Flat reservoir level to fall rapidly. The quick drop
of water behind the cofferdam, added to the weight of debris
and water collected on the coffer dam's downstream. side,
caused the dam’s right side to fall into the reservoir,
leaving the structure useless. After considerable review
and discussion with the Asscciation, it was decided to
abandon the coffer dam and require the Association to keep
the reservo%g elevation sixty-one feet below the dam's crest
elevation.

Excavation of the spillway channel began in early summer.
Work was started on the upstream end of the channel to
expedite the construction of the gatehouse and spillway
gates and to attempt to accommodate the water storage
demands of the Association. This work was accomplished
using explosives. Considerable care, however, was taken in
the use of powder to prevent damage to the dam's left
abutment, the power house, its windows, the penstocks,
pumps, and any other exposed structures or equipment.
Quantity of powder, method of detonation, and the number of
holes per round were strictly controlled. The excavated
rock, about 70,000 cubic yards, was either dumped or spoiled
in the river channel downstream, in a nearby rav%ae, or
hauled upstream and deposited in the reservoeir.

The new spillway channel was designed to curve roughly on
the same radius as the dam. It was built 450 feet long, 100
feet wide at the crest and tapered to a width of 45 feet.
The elevation of the channel at the crest is 60 feet below
the top of the dam and drops 53 feet to its outlet. The
sidewall lining is sloped and rises 50 feet above the
chammel floor. Subchannel drains were included to protect
against potential uplift pressure. >

33Ibid., 10-11; S. O. Harper to Elwood Mead, May 20,
1937, Record Group 115, General Administrative and Project
Records, 1930-1945, 301.14, Salt River, National Archives,
Washington D. C. Copy of letter is available at the Salt
River Project Research Archives. The actual cost of - the
coffer dam was $16,800,

34Koppen, "Final Report, Construction, Spillway for
Mormon Flat Dam," 8-9. 11-12: Mattison, "Spillway
Reconstructicon at Mormeon Flat Dam,"” 95.

- 35Koppen, "Final Report, Construction, Spillway for
Mormon Flat Dam," 14-15; Mattison, "Spillway Reconstructicn
at Mormon Flat Dam,' 94-95.
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The construction concrete plant was located above the
channel's left wall. Aggregate was hauled by truck from
about a half-mile downstream to the batch plant and
processed into bunkers. Fresh concrete was prepared in a
one-yvard mixer and dumped into cubic yard buckets on a
flatrack truck. The truck hauled the concrete to cranes
which hoisted it into place. <Channel construc&%on reguired
about three thousand cubic yards of concrete.

About ten thousand cubic yards of concrete were used to
reconstruct the spillway crest and the gate superstructure.
The gate house rises 134 feet above the spillway crest and
supperts the two, fifty by fifty foot spillway gates.
Installing the million pounds of gate steel work was
completed after some difficulty. It was found that although
the gates and frames were shop assembled, many of the
components were in generally bad condition, either peoorly
fitted, wavy, badly warped, twisted or requiring extra
bracing. Many of the rivet holes were misaligned. The
gates were erected before the towers supporting the gate
house were poured. The gate house included six gasoline
engines so that gates could be operated at all times. The
spillways were counterbalanced so thaSTa small, 7.5
horsepower motor could operate them.

Two additional items were included in the Mormon Flat
reconstruction. As the work progressed, the Bureau learned
that the tension on the upstream face of the dam could
possibly tip the left or south abutment or ogee section into
the spillway. Consequently, the abutment was reconstructed
as a thrust block by overlaying 3,200 cubic vards of
concrete to the section. This offset the abutment tension
and the tendency of the abuiment or ogee to tip by the
-addition of more weight. The thrust block was strengthened
further by anchoring the section using reinforced steel.
The final construction item g@lled for rebuilding the
roadway to the power plant.

361piq.

37Koppen, "Final Report, Construction, Spillway for °
Mormon Flat Dam," 15-17. The spillway gates were
manufactured by the American Bridge Company of Ambridge,
Pennsylvania. The gate hoists were finished by the
Consolidated Steel Company of Los Angeles.

38Mattison, "Spillway Reconstruction at Mormon Flat
Dam," 95; Koppen, "Final Report, Construction, Spillway For
- Mormon Flat Dam," 17-18. Miscellaneous construction items
included grouting work, installing two spiral stairways and
a domestic water supply.
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Work at Mormon Flat Dam was completed in June 1938. Total
cost for rebuilding the spillway was $938,000, twice the
contractor's bid. Most of the additional cost, $299,000,
was in material furnished by the government. The remainder
was in miscellaneous fees including $117,000 in engineering
and inspection expenses. The cost for the spillway
improveme&Es at all four Salt River dams equalled $2.766
million. -

The completion of work under the 1935 contract could not
have been timed better. The Association benefitted from the
improvements almost immediately. Although Bartlett was not
fitted with a hydroelectric unlt, stored water on the Verde
River enabled the Association to generate more hydroelectric
power on the Salt. In the winter of 1940-19%941, the second
winter after the work was finished, central Arizona received
over twenty inches of rain or three times its annual sum.
This filled all the Association's reservoirs which were
nearly dry after a severe drought. The record amount of
winter precipitation also caused the dams to spill water,
which they safely did, in 2pril and May of 1941, Bartlett's
completion was also fortuitous for the Association because
World War II tremendously spurred central Arizona's farming,
mining, and iIndustrial economies. America's war effort
maximized the Association's power system's capacity. For
four of the five war years, the Association generated and
purchased for resale over six hundred million kilowatt hours
annually or enough power to net the ﬁﬁsociation millions of
deollars in electric power revenues.

Through the war years and beyond, all sSalt River dams
performed without incident. They operated successfully,
storing water and generating hydroelectricity. Other than
general annual maintenance, no major work on the structures
was performed. However, since the 1930s spillway
modification program to 1988, two programs have improved the

39Koppen, "Final Report, Construction, Spillway for
Mormon Flat Dam," Appendix, "Costs and Quantities."

4OThe Association generated hydroelectric, steam,
diesel and purchased power. For example, in 1945 the .
Association produced 344 million kilowatt hours in
hydroelectric power, 89 million kilowatt hours in steam, 13
million in diesel, and purchased 265 million in purchased
power, History of Salt River Project for the Period January
1, 1945 to December 31, 1945, "Annual Report and Financial
Statement," 5, and Exhibit B. For further information on
the Association’s economic status during this period, see
Raymond A. Hill, "Economic Survey of Salt River Project,
Arizona," September 1942, 1-135 plus appendixes.
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dams' physical facilities and hydroelectric output. Under
the federal Rehabilitatlon and Betterment Act of 1949,
upgrades were made at the dams in the 1950s to improve their
operation. Under another program conducted in the 1960s and
early 1970s, the Association increased the dams' :
hydroelectric generating capacity, cconverting their output
from twenty-five cycles to sixzty cycles, and them Mormon
Flat with pump back capability.

In 1949 Cecngress authorized legislation providing
reclamation projects with low interest bearing funds to
restecre worn and dilapidated irrigation structures. Under
this legislation, called the Rehabilitation and Betterment
Act, the Associlation borrowed $27 million over three decades
primarily to improve its water distribution system. The
money was used to pay for lining and piping many of the
Association's canals and laterals and for replacing wooden
canal gates with more durable steel gates. The Asscciation
alsc performed maintenance items at its dams with menies
from the Rehabilitation Act. At Mormon Flat Dam, the
Association reconstructed the dam's access rcad, rebuilt the
operators' residences, repaired the camp's water supply, and
cleaned and coated the dam's penstock. At Horse Mesa, the
spillway tunnel's fixed wheel gate had develcped serious
leaks. It was sand blasted, resiiled and given a
protective water procf coating.

The seccnd improvement, called HEFU or Hydre Expansiocn and
Frequency Unification, was undertaken to increase the
hydroelectric capabilities at Mormen Flat, Roosevelt, and
Horse Mesa, tc complete the conversicn of the Association's
electrical system tc sixtv cycle electrical power, and to
provide a meore firm power lcad. Beginning in the early
1940s, the Asscciation realized that twenty-five cycle
compared to sixty cycle electrical power was becoming
obsolete. This was primarily because twenty-five cycle
power produced a perceptible flicker in lighting and ccst
the consumer mere in electrical equipment. Of all the

41"Rehabilitation and Betterment Act,” October 7, 1949,
63 Stat. 724. See Pelz, Federal Reclamaticon and Related Laws
Annotated, vel. 2., 969-971, and U.S. Congress, House,
Committee on Public Lands, Providing for Return of
Rehabilitation and Betterment of Costs of Federal
Reclamation Projects: to Accompany H.R. 1694, Rept. 589,
8lst Cong., lst Sess., May l6, 1949. For a complete history
cf the Salt River Project rehabilitation and betterment
effort, see Jay C. Ziemann, "The Modernization of the Salt
River Project: The Impact of the Rehabilitation and :
Betterment Program" (M. A. thesis, Arizcna State University,
1987).
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Association power plants, which now included three valley
steam plants, only the Salt River hydroelectrigzunits were
not producing sixty cycle power in the 1960s.

The only remaining large Association customers of
twenty-£five cycle hydroelectric power in the 1960s were
three copper mines: Inspiration, Miami, and Magma. The
Association served most of their lcocad with sixty cvcle steam
or thermal generated power. This power was converted to
twenty-five cycles by frequency changers located in the east
Valley. Summer peak demand, however, was met with
hydroelectricity. The problem in meeting the mines' demand,
particularly in the summer, was that the Association's
frequency changers could not convert more than 30,000
kilowatts of sixty cycle power at any cone time and it could
only count on firm twenty-five cycle hydroelectric
production generally during the summer when water was run
for irrigaticon. These factors, combined with the mines
annual electrical load growth of 2.7 percent, made it
increasingly difficult for the Association to meet the
mines' twenty-five cycle load. The Assoclation provided a
short term remedy to the problem by converting a sixty
cycle, 7,500 kilowatt steam unit to twenty-five cycles.

This served, however, as only an interim measure. The
Association realized that the time E§d come for it to
overhaul 1ts hydroelectric system.

In 1966 the Asscciation determlned that it could feasibly
increase 1ts Salt River hydroelectric capacity at Roosevelt,
Horse Mesa, and Mormon Flat from 60,000 kilowatts to 196,000
kilowatts at sixty cycles. It could do this by rewinding
the existing units to sixty cycles at Mormon Flat and Horse
Mesa, and adding new sixty cycle units at Roosevelt, Horse
Mesa, and Mormcn Flat. Stewart Mountain Dam had already

42Raymond Hill ncted in his 1942 report to the
Asscciation that "25 cycle power systems are now nearly
obsolete." Hill, "Economic Survey of Salt River Project,
Arizcna," 32. The Association completed Crosscut Steam
Plant in 1949, Kyrene Steam Plant in 1954, and the Agua Fria
Steam Plant in 1961. Combined capacity in 1961 at these °
three plants was approximately 535,000 kilowatts.

43T. M. Morong, E. J. Lauerman, J. A. Hollewell, "The
Salt River Project's Hydro Expansion and Fregquency
Unification Program," paper presented to the Institute of
Electrical and Electronics Institute," Phoenix, Arizona,
April 18, 1969, 136-137; J. Gecrge Theon, Jchn W. O'Hara, and
. C. H. Whalin, "Modernization of Dams on the Salt River,"
paper presented to the American Society of Civil Engineers,
New Orleans, Louisiana, February 4, 1969, 1-25.
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- been converted to sixty cycles in 1962. The rewound units
at the three dams would produce 43,000 k%%owatts and the new
units would generate 153,000 kilowatts.

After internal review, the Association consulted with the
Bechtel Corporation of San Francisco in 1967 to evaluate
replacing the generating turbines at the three dams and to
reconfigure the transmission facilitles to complement the
hydro conversion and enlargment. The Bechtel study
recommended that the Association convert its plants from
twenty-five to sixty cycle, increase the capacity of the
three hydroelectric plants to 186,000 kilowatts, modify the
Assoclation's transmission and communication system, and
have the copper mines' loads adapt to a sixty cycle power
supply. The Bechtel report also argued for installation of
reversible pump-turbine units at Horse Mesa and Mormon Flat
to obtain increased capacity and to firm winter generating
capability. Reversing the turbines during off-peak hours
would enable tE? Association to recapture used water for
regeneration.

The Bechtel report concluded that both the Association and
the copper mines would realize several significant benefits
by implementing the modifications. The Association stood to
gain because the conversion would eliminate the need for
frequency changers and the restrictions they imposed on the
system. It would also rid the system of multiple
transmission lines to the mines. Maintenance and repairs
costs would be reduced, and operations would be made more
efficient if the technoclogy operating the hydroelectric
units was automated from Phoenlx. For the mines, the report
stated that they would experience increased realibility and
stability through the elimination of the fregquency changers
and multiple transmission lines. Equipment life would be
extended through replacement and maintenance and repair

44Morong, Lauerman, and Hollowell, "The Salt River
Project's Hydro Expansion and Freguency Unification
Program," 137. See also the studies made by the
Association's System Planning Department listed in A. L.
Schwalb to File, "Pow 6-5, Freq. Unification - Basic Data -
Etc," Box 115, Salt River Project Research Archives. :

45Bechtel Corporation, "Frequency Unification and Hydro
Extension Study for Salt River Project," 1967. Copy of
report is available at the Salt River Project Research
Archives. It takes approximately one hundred kilowatts of
power to capture enough water to regenerate seventy
kilowatts of electricity. However, the availability and
cogt of electrical energy during off peak-hours makes the
reverse turbine technology profitable. :
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costs wou1d4ge reduced through the use of sixty cycle
egulpment.

Bechtel estimated the conversion would cost the Association
$22.3 million, and the mines $6.2 million. It compared the
Association estimate with two alternatives: maintaining the
present twenty-five cycle system, and purchasing available
alternative power. Over a projected forty year period,
Bechtel concluded that the Associatlon would save $14
million over continuing to use twenty-five cycle power and
$12 million over purchasing electricity from gas-fired
plants. The $6.2 million cost to the copper mines, Bechtel
estimated, would also be less over time. Calculating losses
and replacement values, Bechtel concluded that over ten
years the49ines would save $1.2 million by upgrading their
systems.

Having concluded the program had both coperational and
economic justification, the Association adopted the HEFU
project. This included the reversible pump-turbine units
which made the Association the first utility in the
Southwest with a pumped storage generating system. After
the Bureau of Reclamation reviewed the modifications in the
spring of 1967, the Assoclation signed a contract wizg
Bechtel to construct the HEFU plan in January 1969,

HEFU construction began at Mormon Flat Dam. After the
reservolr was emptied and Stewart Mountain Dam's reservoir
lowered in the summer of 1969, an eighteen foot dlameter
tunnel was cut through the dam. The new penstock opening
was comnected to a 44,000 kilowatt reversible pump unit .
installed in a concrete block structure just downstream from
the existing power house. This was controlled using a
wheeled gate on the upstream face of the dam. The existing

465echtel, "Frequency Unification and Hydro Extension
Study for Salt River Project," 2-1 to 2-13.

47Morong, Lauerman, and Hollowell, "The Salt River
Project's Hydro Expamsion and Freguency Unification
Program," 137-138; Bechtel, "Fregquency Unification and
Hydro Extension Study," 2-10 to 2-13 and 8-16.

48C. H. Whalin to T. M. Morong, aApril 5, 1967, File,
"25 Cycle Study, Letters - Reports," Box 117, Salt River
Project Research Archives. "Construction Contract Between
Salt River Project Agricultural Improvement and Power
District and Bechtel Corporation for Salt River Hvydro

- Expansion and Freguency Unification," January 24, 1969, 1-38

plus appendixes, File, "Construction Contract, HEFU," Box
120, Salt River Project Research Archives.
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penstock and scroll case was rehabilitated and repaired.
Its intake was modified using two more wheeled gates which
were also installed with a hydraulic hoist located at the
top of the dam. The existing twenty-five cycle turbine was
rebullt for service at sixty cvycles. Its capacity remained
at 10,000 kilowatts. %51 existing switchvard equipment was
modified as required.

Coincident to completing the work at Mormon Flat Dam in
1970, the reservoir behind Horse Mesa Dam was drawn down and
work began there. The three existing hydraulic turbines,
spiral cases, draft tubes, penstocks and ancillary equipment
were rebuilt for service at sixty cycles. Each maintained
their capacity of 10,000 kilowatts. The new, 67,000
kilowatt reversible pump turbine facility was also
constructed below the existing power plant. It was served
by a 15.6 foot diameter penstock drilled through the dam
face. The new penstock was opgﬁated using a wheeled gate on
the upstream face of the dam.

The HEFU project was completed in 1973 with work at
Roosevelt Dam and along the Association's transmission
lines. All twenty-five cycle turbines and generators at
Roosevelt were dismantled and replaced with one, sixty
cycle, 36,000 kilowatt unit located on an outside deck
attached to the power plant. All control eguipment was
removed from the control room and replaced. The
Association's 110 RKv, twenty-five cycle transmission system
from Horse Mesa to the Goldfield Switching Station was
upgraded to 115 KV, sixty cvcle to accomodate the new
generation. The new line was constructed using wood "H"
frame poles. Three new switching stations were also added.
Finally, all new units were fitted with propane-driven
motors which enabled the hydroelectric system to cold start
in the event g?at power from a Phoenix thermal plant was
unavailable.

From Reclamation's spillway reconstruction in the 1930s and
the Association's HEFU modifications in the late 1960s and
early 1970s, betterments continue to be made to the Salt
River dams. Under the Bureau of Reclamation's Plan 6
program and the federal Safety of Dams Act all Salt River

49Thon, O'Hara, and Whalin, "Modernization of Dams on
the Salt River," 16-19,

SOIbid., 19-21; File, "Salt River Hydro Pump-Back
Storage System," Box 112, Salt River Project Research-
Archives.

511pi4.
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Project dams will be rehabilitated beginning in 1988. The
least apprecilable work will be done at Mormon Flat and Horse
Mesa dams. These structures will not be changed in
dimension or operation but will be strengthened against
potential seismic activity using steel ties drilled and
bolted through the dam face and abutments and anchored into
the foundation and canyon walls. Roosevelt Dam will be
ralsed approximately seventy feet and Stewart Mountain Dam
will receive a long list of upgrades including a new
spillway at its right abutment.
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Chapter S8ixs: Conclusion

After more than a decade of economic drift the Associaticon's
hydreelectric expansion program realized its full potential
beginning in 1941 when America entered World War II. The o
war effort rejuvenated central Arizona's copper and farming
industries. Though copper mining did not approach its 1929
production of $226 million, it improved dramatically from
mid-1930s levels. By 1944 the valuaticn ¢f producing copper
mines in the state had risen to $133 million. This amcunt
marked a vast improvement from the Depressicn low of 315
million mined in 1934. In farming, Proiect crop producticn
and stock raising produc?d record receipts of $36 million in
gross ravenues in 1944,

Central Arizona's wartime farming and industrial boom was
fueled, in large part, by the Association. In 1943 it
delivered 602 million kilowatt hours of electricity. Power
was generated from its hydrecelectric plants, supplemental
oll and diesel steam units located at its Cross Cut
hydroelectric plant, and power 1t purchased from CALAPCC and
the mines. This was twenty percent more energy than the
entire state produced in 1920, almost four times the amount
the Asscciation produced in 1932, its Depression-era low,
and lOOZmillion hours bevond its previous peak production
level, :

Other war industries were also fueled byv the Association.
Because of Arizona's remote location and its clear and dry
weather, the Valley becanme a center for wartime training and
military electronics production. The federal government
authorized creating three army camps and six air bases in

lHistoryﬁof the Salt River Project for the Pericd,
January 1, 1944 to December 31, 1944, Chapter One, "Report
of General Superintendent and Chief Engineer," 1, 3-4. The
worst agricultural year during the Depression, 1932, project
creop receipts equalled $9.6 million.

ZHistc;y_of the Salt River Project for the Period .
January 1, 1945 to December 31, 1945, Chapter One, "Annual
Repert and Financial Statement,'" 4-5. The Association .
produced 164,000 kilowatt hours in 1%32. Prior to 1943 the
Association's previous kilowatt hour peak was reached in
1942 when it generated 516 million kilowatt hours. In 1944
and 1945 the Association produced over 700 million kilowatt
hours. See tables giving delivery of kilowatt hours for the
 period 1940 to 1945 and revenue from sale of power for these
“years at pages 91 and 92 in Chapter Six, "Power and Pumping
Division." '
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the Valley by 1942. The electronics industry, led by
Motorola, AiResearch, General Electric, Kaiser Aircraft and
Electronics, Goodyear Aircraft, and Sperry Rand, located in
the Valley béecause, among cther reasons, they needed a dgy
climate to manufacture precision electronic components.

The Assoclation served these industries in addition to the
mines, municipalities, utilities, electrical districts,
industrial manufacturers, farm industries, gins, and rural
consumers, who numbered over ten thousand by 1945, Power
receipts, along with acreage assessments, which were never
dropped despite Reid's firm belief, brought the Project out
of the persistent annual net losses of the early 1930s.
From 1940 to 1945, the Associlation experienced a strong
recovery,4earning well in excess of $5 million in net
profits.

Unlike the depression which followed the conclusion of World
War I, the Valley eccnomy did not retract after wWorld War
II. There was no postwar calamity recccurrence. Valley
farmers did not again become intoxicated with the
possibility of cotton profits, but even if they had,
industry in central Arizona had become too diverse and
enveloped in the national market by the end of World War II
for the Valley to be shocked again by a single event. For
example, even at the outset of America's involvement in
World war II, the Phoenix metropolitan area was home £to
1,200 retail stores and eighty manufacturing cconcerns.

By the conclusion of the war non-mining industries had
developed to such an extent that by 1945 both municipalities
and utilities and irrigation pumping had surpassed mining's
electrical usage. The rural domestic electrical market also
continued to expand, consuming thirty million kilowatt
hours, an increase of five hundred percent from 1935.

During the 1940s another industry had blossomed in the Salt
River Valley. Renamed the Valley of the Sun by local
publicists, Phoenix and the surrounding communities were
attracting over 50,000 tourists and vacationers each winter

3Bradford Luckingham, The Urban Southwest, A Profile
History of Albugquergue, El Paso, Phoenix, Tucson (El Paso:
Texas Western Press, 1982), 78-84.

4History of the Salt River Project for the Period
October 1, 1934 to December 31, 1935, Chapter One, "Annual
Report and Financial Statement," 8; History of the Salt
River Project of the Period January 1, 1945 to December 31,
1945, Chapter One, "Annual Report and Financial Statement,”
13.
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after the war. Finally, technological advancements made in
air conditioning made possible "climate contreol,"
encouraging more businesses to mave tq Arizona. The postwar
boom was aptly and succinctly summed up by Harry Lawson when
he commented in his 1945 annual report, "Postwar conditions
in the area have become amazing."

From the postwar era to 1988, central Arizona's economy has
continued to grow at a dramatic if not stunning rate.
Between 1940 and 1960 the population of Phoenix increased
from 65,000 to 439,000. The neighboring communities of Mesa
and Glendale, for the same period, increased from 7,000 and
4,800 to 149,000 and 92,000 respectively. From $36 million
in farming production in 1944, Valley farmers increased
production value to $155 million in 1954 and to $418 million
by 1974. Phoenix's manufacturing output of $4.8 million in
1940 rose by staggering percentages to $115 million in 1954
and to $435 million in 1963.

The extent of economic growth had a corresponding effect on
the Association's electrical production: output increased to
900 million kilowatt hours by 1950, 2.7 billion kilowatt
hours in 1960, and to 5.3 billion kilowatt hours in 1970.
The Salt River Project along with CALAPCO'Ss successor,
Arizona Public Service, provide most of the electric power
to the city of Phoenix, which in 1988 has hkecome the
twenty-first most populated city in the U.S., the seventh
largest clty in land area with 386 square miles, and the
ninth mogt densely populated metropolitan area in the
nation.

The growth of central Arizona's economy can be attributed in
large part to Frank Reld and Charles Cragin. The
construction of Roosevelt Dam on the Salt River by the
federal government permitted the sustained and successful
settlement of the Phoenix area. But it was the contribution
of hydroelectricity that permitted central Arizona to
advance far beyond its agrarian base. It was
hydroelectricity that provided the Salt River Valley with
the catalyst for further and fuller economic growth.

5History of the Salt River Project for the Period
January 1, 1945 to December 31, 1945, Chapter One, "Annual
Report and Financial Statement," 5.

6Luckingham, The Urban Scouthwest, 82, 86, 99. For
annual kilowatt hour production for 1950, 1960, and 1970,
- see Salt River Project Annual Reports for those years.
Coples are available at the Salt River Project Research
Archives.
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Cragin's hydroelectric expansion made its greatest _
contribution to Arizona mining. It allowed the copper mines
t0 become the state's largest industry. The techneology to
purify copper 1s essentlally electrolytic: suspended copper
particles plate in pools of electrically charged, ionized
water. Copper production is econcmically possible only if a
cheap power source is available. Asscciation
hydroelectricity met mining's needs fueling an activity
which has contributed billions of deollars to the national
and local economy. Copper mining in Arizona has produced
over 350 millicon tons of ore and six7billion pounds of
copper valued at over $1.1 billion.

While contributing to mining and other industrial
enterprises, the Association's rural electrification program
made a significant social impact. It made possible the
service of electricity to every farm. This component of the
eXpansion activity was perhaps the most forward thinking
aspect of Cragin's work. He formed his plan te bring
electricity to rural domestic users more than ten vears
before the federal government formed the Rural
Electrification Administration (REA) in 1935. 1In the
mid-1920s less than three percent of America's 6.4 million
farms received electricity despite the fact American farmers
used twice the primary power of all U.s. factories combined.
By April 1930 eighty percent of all homes on the Salg River
Project had been connected with electrical service.

On a national scale much was expected of rural
electrification. Scheolars, politicians, and social
reformers eagerly anticipated the impact "Giant Power"
presented. In 1924, Lewis Mumford, the social theorist,
predicted that the technology of electrical generation and
transmission, along with the automobile, radioc and
telephone, would cause the fourth great movement or
migration in American civilization. It would be the basis
of what he termed the nectechnic age, a period cured of many
social problems. Gifford Pinchot, Governor of Pennsylvania
and former Chief of the U.S. Forest Service, predicted in
1924 that "Giant Power," a phrase he coined, would provide
"the most substantial aid in raising the standard of living,
in eliminating the physical drudgery of life, and in winning

7Frank Tuck, Stories of Arizona Copper Mines, (Phoenix:
Arizona Department of Mineral Rescurces, 1957), 22. See
also Charles H. Dunning, Rock to Riches (Phoenix: Southwest
Publishing Company, 1939), 304-314.

8C. C. Cragin, "Development of Hydro-Electric Power as
an Aid to Irrigation,"™ 553-554.




Mormon Flat Dam
HAER No. AZ~14
105

the age-long struggle against poverty." In retrospect, the
electrical age did not radically change soclietal conditions
and whether Cragin was motivated by these expectationg for
universal electrification is difficult to determine.

Fer the Association, electrical expansion radically changed
its character. While most federal reclamation projects
generally, if not exclusively, remained irrigation works,
the Salt River Preject rapidly developed a dual nature. By
pioneering a power side to its operations, the Association
was able to accomplish several goals. The sale of
hydroelectrical power carried a significant share of the
Association's federal repavyment obligation for the Salt
River Project's initial construction charges. Hydroelectric
revenues gave the Association monies to sell more power than
it generated by retailing purchased steam power from other
local producers. It alsc provided the Association with
revenue to operate and maintain its lengthy water and power
transmission and delivery system. Hydroelectric power
availability enabled it to supplement its surface water

- supply using groundwater pumps. It also drained groundwater
in areas where shallow subsurface water endangered crop
success. The construction of power dams added additional
Stored water enabling the project to increase its irrigable
acreage. Finally, the proximity of its last hydroelectric
dam at Stewart Mountain permitted the Assocliaticn to respond
more rapidly in meeting water orders and better regulate the
river.

9A national program of rural electrification began in
1935 when the Roosevelt administration created the Rural
Electrification Administration under the 1935 Emergency
Relief Appropriation Act. For a thorough discussion of
"Giant Power" and universal electrical service, see: Robert
W. Bruere, "Pandora's Box;" Giffcrd Pinchot, "Giant Power;"
Philip P. Wells, "Qur Federal Power Policy;" Alfired E.
Smith, "The State of the Public;" wWilliam Rard, "Giant
Negotiations For Giant Power, An Interview with Herbert
Hoowver;" Philip Cabot, "National Electrical Bighwavs;"
Martha Bensley Bruere, '"Following the Hydro;" H. G. Butler,
"Pools of Power;" Joseph K. Hart, "Power and Culture;"
Gerard Swope, "The Engineer's Place in Soclety:;" Lewis
Mumford, "The Fourth Migration;" Lewis Mumford, "Regins - To
Live In;" and Robert W. Bruere, "Gliant Power -
Regicon-Builder;" all are contained in The Survey 51 (March
1, 1924): 557-640, 652, and The Survey 54 (May 1, 1925):
129~-133, 151-152, 161-164. For an assessment of the failure
.0f the electrical age, see Thomas P. Hughes, "The Industrial
Revolution That Never Came," American Heritage of Invention
and Technologvy 3 {(Winter 1988}): 59-64.
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Experience the Association gained through the Cragin's
constructions and in subsequent electrical manufacturing
gave it the precedent, knowledge, and confidence to expand
its power grid when the load demanded additions. From 1949
through the 1380s the Assoclation has continually enhanced
its generating capacity through construction and
participation in developing steam and nuclear units in
Arizona and throughout the Southwest. While still a major
supplier of developed surface and groundwater in central
Arizona, the long evolution of Salt River Project's power
development has made it, in 1988, the third largest
municipal utility in the nation, with the capacity to
generate over two million kilowatts or two thousand
megawatts at peak load. As a financial entity the Salt
River Prciject operates a billion dollar annual budget in
1988-1989, over 95 peiﬁent of which is earned through the
sale of electricity. '

While the hydroelectric expansion plan was conceived and
constructed by the Association, it did ultimately have a
substantive influence on federal reclamation efforts. The
Salt River Proiect demonstrated the financilal success a
federal reclamation project could enjoy if it combined
hydroelectric power with irrigation water storage and
delivery.

In 1923 the professional engineering journal, Engineering
Newg-Record ran a nine-part series of articles titled,
"Federal Land Reclamation: A National Problem.” Authored by
prominent engineers and state and government officials, the
series highlighted the multitude of difficulties the
national reclamation program experienced. In the series’
first article, Frederick H. Newell, former Director of the
Reclamaticon Service, saw national reclamation efforts under
the 1902 act nearly at an end. He wrote, "The present time
is appropriate for a review of its operations because of the
fact that its history is now practically a closed chapter.”
Newell wrote this becauss he and the series' subseguent
authors identified the many economic and social problems the
reclamation program experienced. They identified the
program's peolitical, legal, financial, and management
imperfections, obstacles, and limitations and the .
difficulties involving repayment, irrigation methods, land

. 107he salt River Project ranks third in size behind Los
Angeles Department of Water and Power and the Puerto Rico
Electrical Power Authority.
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speculation, farm financing an?lfarming experience, and soil
and water logging conditions.

Presumably the intent of the series was only to identify
reclamation's shortcomings. No solutions were offered to
improve national reclamation policy. It is interesting that
ne mention was made of hydroelectricity nor its use as a
possible solution to reclamation hardships.

Three years after the Engineering News-Record series, The
‘New Reclamation Era, the federal government's official
Reclamation publication, only marginally recognized the
potential for hydroeleciricity. Written in an article
titled, "Electric Power Development on The Projects" was the
statement, "The construction ¢of dams to store and divert
water for irrigation has afforded an cpportunity for the
development of hydroelectric power as an incident to
irrigation" {emphasis added). Aafter stating that thirteen
federal reclamation projects grossed $1.067 million for
1925, the article concluded, "this satisfactory financial
showing is, however, the least pmart of the benefii" (again
emphasis added). "The chief gain," the article concluded,
"has come from having this cheap power to operate pumping
plants to furnish irrigaticon water; [and] to use as motive
power for drag-line excavators, both in buillding and
cleaning out canals and drains." Six years later in 1932
the combined hydroelectric output of all twenty
hvdroelectric power plants on eleven of the twenty-nine
reclamation projects (excluding the Salt River Project}
generated 102,000 kilowatts earning a net income of slightly
more than $4G0,000. 1In 1932 the Salt River Project alone

11Under the title, "Federal Land Reclamation: A
National Problem," Engineering News-Record ran the following
articles: F. H. Newell, "Origin, Problems and Achievements
cf Federal Land Reclamatioen;" C. E. Grunsky, "The
Development ¢f the West Under Irrigation;'" Carl S. Scofield,
"agriculture on Irrigated Lands;" F. H. Newell, "Twenty :
Years of Reclamation;'" George C. Kreutzer, "aAfter
Reclamaticn, Organized Land Settlement;' H. H. Brook,
"Difficulties and Complaints of the Farmer;" James T.
Whitehead, "Financial Troubles of the Reclamation Farmer and
How They May Be Relieved;" Thomas H. Means, "Faults of
Reclamation Law and Practice, and Their Remedies;" and
Addison 'T. Smith, "The Future of Federal Reclamation,"
.Engineering News-Record 91 (Qctober-December, 1923}.:
666-673, 715-718, 756-761, 801-807, 838-841, 89(¢-89%2,
924-925, 977-981, 1018-1021.
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generated more power than the combined capﬁgity of all other
reclamation projects and netted $486,000.

While Reclamation Service officials and others recognized
the many problems of national reclamation, they were
reticent to recognize the tremendous potential of
assocliating hydroelectrical production with reclamation
development. In the May 1932 edition of The Reclamation
Era, the Bureau's Chief Electrical Engineer, L. N. McClellan
wrote, "Power development is becoming (emphasis added) one
of the most important factors in the economic feasibility of
Federal irrigation projects." While the Bureau was only
beginning to apply the benefits of hydroelectricity in the
1930s, the association had appreciably expanded its
hydroelectric capaclty in the 1910s with low-head hydro
units and again in the 1920s under Cragin's hydroelectric
expansion plan. Cragin and the Salt River Project
recognized that hydroelectric production was an important,
even necessary, element in irrigation development and that13
it could constitute another distinct part of reclamation.

The success of the Salt River Project's hvdroelectric
development became evident during the debate surrounding the
passage of the Boulder Canyon Project Act in 1928. While
the bill was under consideration, Arizona Senator Henry
Ashurst testified, "When the United States Reclamation
Service wants to refer to some project to justify its
administration, to point to something successful that
Federal bureaucracy can claim credit for, you will find that

12"Hydroelectric Power Development on the Projects,”
New Reclamation Era (June 1926) 1; U.S. Department of the
Interior, Thirty-First Annual Report of the Ccmmissioner of
Reclamation (Washington D. C.: Government Printing Office,
1932):12-15.

13L. N. McClellan, "Power Development on Federal
Reclamation Projects," The Reclamatlon Era 23 (May 1932):
90-91. Somewhat humorously and very inaccurately, The
Reclamation Era in its July 1932 edition (page 121)
subtitled the article, "Soclal and Economic Value of
Electrical Development in Federal Reclamation,”" with the
headline, "Reclamation Leads West in Introduction of
Electricity." Although the Reclamation Service constructed
the Association's low head Valley units in the 1910s it was
the Association who argued for them and agreed to compensate
the federal government for the additional construction
. expense. Organlzationally the Association recognizes the
‘dual function of reclamation. It employs water and power
associate general managers.
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the first project it Eifers to is the Salt River Valley
project in Arizona."

The Boulder Canyon Project Act's officially stated purpose
was to control floods, improve navigation, and regulate the
flow of the Colorado River. However, the federal government
knew that the states could not afford its estimated $125
million construction cost without a added source of revenue.
It knew that the project was not feasible without
hydroelectric power. Because of this the Los Angeles
Department of Water and Power and others pald for the
project's hydroelectric units. Borrowing from the success
demonstrated by the Salt River Valley Water Users!'
Association and smaller power producing reclamation and
private projects, Congress also authorized the Boulder
Canyon project for hydroelectric generation. It became the
first federal multipurpose reclamation project. Indeed it
was; however, its formula for success had been already
proved in the Salt River Valley. Cragin and the Association
understood that the power of falling water presented
enormous economic opportunities. Hydroelectricity no longer
was viewed as an incidental by-product of water storage but
as a resourcge that could be developed singularly because it
could be justified on its own merits. Through the Boulder
Canvon Act the federal government ultimately recognized what
the Salt River Project had shown, that hydroelectrical
production in conjunction with water resource development
provided fuller economic development of the West.

14U.S. Congress, Senate, Boulder Canvon Reclamation
Project, Rept. 654, Part 2, 69th Cong., lst. Sess., aApril
26, 1926.
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Chapter Seven: Epilogue: Expansion Backlash, "Water Users
Qust Cragin"

The Salt River Project is in 1988 a major electrical power
producer in Arizona with assets exceeding $5 billion. The
Project has grown to become a major electrical producer over
the last eighty-five years because it identified early in
its history the importance of power production., The man
most responsible for realizing this and developing the
Assoclation's power system was Charles C. Cragin. While
Frank Reid's contributions were ncteworthy, and later and
much larger additions to the Association's power system
dwarf Cragin's work, he established the Association as a
major electrical utility and committed the organization to
that end.

Despite his accomplishments, in May 1933, just three years
after his hydroelectric expansion plan was completed, the
Association Board of Governors, in their first meeting of
1933-1934, dismissed Cragin as General Superintendent and
Chief Engineer. On May 1 the Board voted to replace Cragin
wlith Association Power Superintendent Harry Lawson. Not
only did the Board remove Cragin, but it replaced his entire
staff: Legal Advisor John L. Gust; Assistant General
Superintendent J. S. Connell; Assistant Treasurer P. V.
Fuller; and Assistant Secretary and Paymaster Perry L.
simpson. Asscciation Secretary Fred C. Henshaw did not
accept reinstatement after learning that his salary was cut
by eighteen percent. The removal of Cragin and other
Association officers shocked the Board minority members and
was greeted with equal amazement by the local newspapers.
The lead headline in the Arizona Republic on May 2 read,
"Water Users Oust Cragin." The article called the move the
"greatest upheaval in the association's history." That same
day the Phoenix Gazette called the Board's action a
"startling upheaval" and "the Tost sweeping shake-up in the
history of the organization."

While the Board's actlion may have appeared completely
unexpected, considering Cragin's successful completion of
the Association's hydroelectric expansion program, 1t was
not. Beginning in 1925 a small group of shareholders began
criticizing the Association's rapid expansion into the
electrical utility business. Over the years this minority
persisted in expressing disapproval. Their dissatisfaction
with the expansion program and its costs had little effect
initially, but by 1933 they had caused sufficient agitation

. l“Water Users Oust Cragin, Several Officers Removed,"
Arizona Republic, May 2, 1933, 1, 4; "Cragin Loses Post by
Vote of Governors," Phoenix Gazette, May 2, 1933, pg?.
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and won enough support to fire Cragin and his entire
administration.

In the early stages of the hydroelectric expansion,
Assoclation shareholders widely supported the development
plan. The Mormon Flat bond issue passed by a margin of
fourteen to one. In his annual presidential report in May
1924, Reid recognized the popularity of the program when he
spoke of the "sweeping endorsement of the organization and
its policies." He referred to "a harmonious Board of
Governors and Council," and of "individual members of the
Assoclation solidly back of this organization and its
policies." He stated that the "record of the organization"
had been "perfected." A yvear later, however, consensus
began Eo disintegrate and the undercurrent of dissent was
born. '

Objections to Cragin's program began in the spring of 1925.
"Certain citizens," Reid stated in his annual report to the
Board and Council, did not agree with the terms of the
CALAPCO contract to construct the Mormon Flat power plant.
Their protest was significant enough for Reid to answer it
in his report. Objection arose, Reid stated, because some
believed that the Association's hydroelectric power should
be so0ld directly to Phgenix industries “"for the benefit of
the whole community."”

Reid replied to his critics by first telling the Board that
objections ought to be expected. He stated, "as the power
business becomes more profitable, many people will desire to
t2ll you how to run it for the benefit of other{s] than the
farmers who own it.” Reid justified the CALAPCO agreement
in two ways. "The present law," he stated, "does not
permit" power companies to earn more than ten percent profit
on their investment. Reid estimated that the Mormen Flat
power plant would net better than fifty percent. Why then,
Reid asked, should the Association willingly reduce its net

2F. A. Reid, "annual Report to Board of Governors and
Council, Salt River Vallevy Water Users' Association,”™ May 5,
1924, 1. File, "President's Report," Box E-2-15, Salt River
Project Records Management. : : :

3Frank Reid, "Annual Report to Board of Governors and
Council, Salt River Valley Water Users' Association," August
3, 1925, 1-9. File, "President's Report." The report was
reprinted in the Associated Arizona Producer 5 (August 15,
1926)" 4-5. The public versus private power debate was a
national issue in the 1920s. It was a domestic topic during
the 1924 presidential election, particularly for Progressive
candidate Robert M. LaFollette.
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revenues particularly when '"the greatest industrvy Phoenix
may ever posses [(sic] is our project." '"When the farmer 1is
allowed to become prosperous," Reid said, "land values and
the farming market improve." Greater land values and
agricultural productlion would best serve the citizens and
taxpayvers of Phoenix. The 'city's interests," he said,
"{are] benefitted infinitely more [from Assoclation
prosperity] than with a few industries aided at the expense
of the farmer." Secondly, Reilid argued that the power
business should naturally be a private monopoly to prevent
duplication of investment and higher electrical rates. If
the City of Phoenix, therefore, "does not desire private
monopoly"” he sald, then it is "up to them to create a public
monopoly." They should, he stated further, "not even
suggest that the farmers should take on the job for less
profit [or equal profit] tgan the local company can afford
to distribute power for."

In 1926 Reld again felt forced to defend Cragin's expansion
plan. This time he responded to what he called "malicious
misstatements made against the affairs of the Association"
during the 1926 election and the "vicious attack" made on
the 1924 Inspiration Copper contract to construct Horse
Mesa. Reld explained that the kilowatt hour rate received
under both the Inspiration and CALAPCO contracts, $.0065 and
$.0085 respectively, were twlice what comparable
hydroelectrical plants in California and Ceolorado were
receiving. The revenue from these contracts would, Reid
saild, reduce assessments or abolish them completely. "To put
another way" Reid concluded, "The Inspiration contract is
recognized by all sound-thinking business men familiar with
it as the greatest guarantee to the credit of the Salt River
Project."

Despite Reid's strident defense of his policles, criticism
of the Association's management not only persisted but
increased. In September 1926 Victor Steinerger,
representing a group of 149 shareholders calling themselves
the "Committee of Petitioners" solicited Secretary of the

4Ibid. Even though it was a government project, Reid
was referring to the Salt River Project as a "private
monopoly."

5Frank Reid, "Annual Report of President to the Board
of Governors and Council of the Salt River Valley Water
Users' Assoclation," May 3, 1926, 1-11, File, "President's
Reports."



Mormon Flat Dam
HAER No. AZ-14
117

Interior Hergert Work to investigate the Association's
operations.

The Committee of Petitioners complained that Reid and Cragin
were negligent in handling the finances of the Association.
Steinerger stated that for the past two years Reid had
accumulated excess charges equalling $1.084 million and had
not given a clear explanation of why these expenses existed.
The petitioners knew that the Association was earning enough
income through power recelpts and acreage assessments to
cover its costs. Why then did this deficit exist?
Steinerger could only conclude that since assessments were
being met and the estimated power income did not fall below
projections, they must arise from excessive construction
charges. Additionally, Steinerger and the committee were
bothered by Reid securing from the Board the authority to
borrow, at his discretion, $1.451 million from the Valley
Bank of Phoenix. Steinerger argued that this was in
violation of the Asscoclation's Articles of Incorporation.
For these reasons, the committee asked the7government to
make an investigation of the Association.

Almost immediately after the Committee of Petitioners
submitted their complaint, the Board passed a resolution in
September 1926 inviting the Secretary to investigate the
affairs of the Association. Work ordered the investigation
but not until February 1927. By that time relations between

6Victor Steinerger to Herbert Work, September 7, 1926,
1-8, Record Group 115, General Administrative and Project
Records, National Archives, Washington D. €. Copy of letter
available at the Salt River Project Research Archives.

7Ibid. "Water Users Must Show Publicity Demanded is
Your Farm Their Security?" Five Points Star, August 4, 1926,
1. Record Group 115, General Administrative and Project
Records, National Archives, Washington D. C. Copy of
article available at the Salt River Project Research
Archives. Sees also Victor Steinerger to Hubert Work,
February 23, 1928, 1-6, Record Group 115, General
Administrative and Project Records, National Archives,
Washington D. C. Copy of letter available at Salt River
Project Research Archives. What irritated Steinerger also
was the increase in acreage assessments over three
succeeding years. In 1924-1925 the assessment was $2.00, in
1925-1926 it was $3.00, and in 1926-1927 it was $3.96.
Section eight of Article 13 of the Association's Articles of
Incorporation stated that no money in excess of $100,000
" could be borrowed for reasons other than cordinary operation
and maintenance without majority approval of the
shareholders.
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Stelnerger's group and Reid had deteriorated further.
Steinerger was angered because he could not obtain a copy of
the audited fiscal statement for 1925-1%26 from the
Association. He was also disturbed because Reild and Cragin
had made it appear in the press that the Assoclation
requested the investigation. O©On February 27, the Arizona
Republican reported the announcement of the investigatien
with the headline, "Water User Probe Here 1s Ordered,
Secretary Work to Investigate Associlation Affairs at Request
of General Superintendent." Steinerger complained that
Cragin questioned the "motives" of the petitioners request.
In a letter Cragin wrote on February 8, he stated that the
"continued public propaganda being disseminated concerning
the Asscociation's management was "undoubtedly" the result of
"personal financial troubles." It was, he said, a "matter
which will adjust itself gith the breaking of the drought
and better farm prices."” ' '

Secretary Work appointed H. T. Cory, a consulting engineer,
to perform the investigation. W. A. Meyer, auditor for the
Bureau of Reclamation assisted Cory in collecting financial
and operational data. Cory arrived in Phoenix in July 1927
and immediately set to work. After spending two months
questioning over one hundred individuals and reviewing the
collected data with his brother, Dr. C. L. Cory, Professor
of Electrical Englneering at the Universigy of California,
Cory reported his findings on Octcber 4.

In a lengthy analysis, Cory addressed nine general
propositions or criticisms which had been levied against the
Association. Of the allegations concerning the
hydroexpansion development (there were cthers that concerned
the water system), Cory agreed most with the petitioners'
contention that Reid and Cragin had entered into
"ill-advised" power contracts. Cory concluded that "the
outstanding contracts for hydroelectric power necessitates
the conclusion that there has been general ignorance or
disregard of present day public utility practice." This was

8victor Steinerger to Hubert Work, March 24, 1927, 1-3,
with attachments including, "Water Users Probe Here is
Ordered,"” Arizona Republic, 1; C. C. Cragin to Hubert Work,
February 8, 1927, 1-8, Record Group 115, General
Administrative and Project Records, National Archives,
Washington, D. C. Copy of letter is available at the Salt
River Project Research Archives.

9H. T. Cory, "Report of Investigations in the Sait
River Valley Project, Arizena," October 4, 1927. Reprinted
in full in The Assoclated Arizona Producer & {November 1,
1927): 9-16.
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because the Association was discriminating in service
between consumers of like c¢lasses and had taken into
consideration only "immediate financial interests" in
formulating their development plan. Contracts were made for
large blocks of power with preference over subsequent users
in times of shortage and power rates differed depending on
the particular unit and with varying degrees of service.

The result of the long-term contracts did not produce, Cory
said, "what all public utility commissions are striving to
obtain, namely, uniformity of contract forms, service, rates
and financing, with avoidance of long term contractfoin the
interest of both the consumers and the utilities.™

Concerning Reid's authority to secure a bank loan from
Valley Bank and his acceptance of a $400,000 advance from
CALAPCO for hydroelectric equipment, Cory concluded that "if
not the exact wording of the Articles of Incorporation call
for approval by the stockholders of creating such
obligations and probably it would have been better, entirely
aside from legal consideration, if the management had
secured such approval." As for the additional $576,000
expense in the construction of Horse Mesa Dam, Cory did not
see the petitioners' criticism as very substantive since "it
is probably more the rule than exception thatl}arge
constructions exceed their estimated costs.”

Steinerger and the committee also complained that Reid had
proceeded with the hydroelectric program too fast. Cory
emphatically disagreed. In fact he said the aAssociation's
management had proceeded too slowly. He recommended that it
"immediately build Stewart Mountain dam and power plant" to
enable the project to "serve the growing power demand of the
area." Though they may have been slow, Cory thought Reid

and Cragin were nonetheless "aggressive." Cory complimented
the Association's management for "its record in getting
things done." "There can be no question," he wrote, "but

that it has “gotten action' and has been exceptionally
aggressive in the matter of constructions. In comparison
with the usual shilly-shallying, vacillating and timorous

lOIbid., 10. Cory addressed other gquestions which did
not deal with the hydrocelectric program. These concerned
the management of the water supply and delivery, assessments
and charges for water delivery, maintenance of the canal
distribution system, and agreements with Association
landowners.

Ylrpia., 13-14.
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managements, all too common in irrigigion enterpriseés, that
of this Project stands out boldlvy."

Finally, the petitioners complained that Reid held a lock on
controlling the members of the Board and Council because he
held 100,000 votes in "his hip pocket." Cory did not affirm
the petitioners' belief but he did not deny their charge
that a small group of large landholders, banks, and
non-resident landholders controlled the Association's
administration. Cory answered this complaint indirectly by
suggesting that the 160 acre limitation be abolished because
it was ineffective and counterproductive. "Irrigation
farming," he said, "is not a poor man's game."

The report's conclusions neither justified all the claims of
the petitioners nor condoned every action taken by Reid and
Cragin. The final assessment was mixed. Cory stated that
the "petitioners have many fanciful and, or unjustified
grievances and a few legitimate complaints." The management
of the Association, he stated, did not treat the power side,
in reality, as a public utility because its sales agreements
-were not "in accord with standard public utility practice."”
Regardless, its actions, he believed, were "resulting in an
unusually large net income." Reild and Cragin, he
determined, were "more successful in [their] handling of the
hydroelectric than of the irrigation features of the
Project." Finally, he was critical of the Association for
not making its annual 1926-1927 installment even though it
collected assegsments for that purpose. As for the
petitioner's heavily implied hope that the federal
government might take actlion, Cory disagreed. He
recommended that the U.S. limit its relation with the
Associlation to one of buyer and seller, only insisting that
the Association make promptlgayments to the government when
its installments came due.

1ZIbid., 12, 15. Comparing the Association to "common
irrigation enterprises™ was perhaps unfair since, as Cory
admitted, Reid and Cragin placed most of their interests in
the power glde of the Association. e '

31psa., 10.

14Ibid., 16. Concerning the Association and federal
govermment's relationship, Cory wrote it ghould be "limited
to those usually existing between a seller and a buyer on
the installment plan, and consegquently is limited to the
maintenance of unimpaired security and the prompt meeting of
obligations, when and as due.”
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Cory did not write what he really thought of the Asscciation
in his investigation report. He made his true opinion known
in a a three page letter written to Reclamation Commissioner
Mead the same day he released his report. 1In this
correspondence, Cory stated that the Association "has been
administered aimost exXclusively by twoe men," namely Reid and
Cragin. He admitted this had advantages which he listed as,
"continuity of pelicy," ability te "get things done," and
the "rapid carrving out of constructive programs." However,
it had an outweighing disadvantage, principally Reid and
Cragin's "loss" of "their sense of proportion." 1In Cory's
opinion the men had become "demagogs." Characterizing Reid,
Corv said, "President F. A. Reld has many admirabilie
gualities and falls just short of being a really big man."
Concerning Cragin, Cory stated that he "is a good,
high-powered, driving construction man.”" "Unfortunately,"
Cory concluded,

both of them came into power on this Project
practically innoccent of either public utility
or irrigation experience. AsS the years have
gone by, they have become somewhat unduly
impressed with the importance of the
hydroelectric side of the enterprise, which
has had very much more interest and appeal
for them than the rather drab, slow and
painstaking evolution oflghe irrigation and
agricultural features.”

Cory suggested that the actions of Reid and Cragin needed to
be contrelled but not immediately, or at least not until
Reid "outlives his usefulness." "The inevitable finish of a
man like President Reid," Cory wrote, '"aggressive, militant,
and disdainful of conciliatory methods, 1s the gradual
piling up of personal animosities' which will lead to his
"forcible elimination." But, "my own feeling, he stated,
"is that until the Stewart Mountain dam and power plant, and
electrical distribution system spread overall the Valley,
and the badly needed additicnal pumping plants shall have
been constructed, President Reid's continuance in control
would be distinctly for the best interests of the Project."
A change before the work was completed would lead to further
demagoguery, he thought, and amount tc little more than
"changing the devil for a witch." :

lSH. T. Cory to Elwocod Mead, October 4, 1927, 1-2,

- Record Group 115, General Administrative and Project
Records, Natiocnal Archives, Washington D. C. Copy of letter
avallable at the Salt River Project Research Archives.
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Cory advised the government use "strong arm methods" to
contain Reid until Stewart Mountain was finished., One
method which he was convinced would work would be the
publishing of his report. As written, Cory believed that
the report would have a "weakening" effect on Reid's control
and would therefore diminish it. The result, he said, would
be "letting the bars down against demagegy [sicl."
Additionally, Cory suggested that an agriculturist be
"tactfully" brought into the project to lend authorit¥6and
prestige to the Association's irrigation enterprise.

The Cory report was published in full in The Associated
Arizona Producer in November. Every shareholder, therefcore,
was provided with a copy ©f the investigaticn. The report
did make an impact, but almost the opposite of what Cory
desired and predicted. Cory thought Stewart Mountain Dam
should be completed immediately and that Reid should not be
removed until that was accomplished. Further, he also
believed his report would diminish Reid's authority.
Unfortunately, Cory did not realize that these goals were
mutually exclusive. Stewart Mountain cou}? not be built 1f
Reid's power was effectively undermined.

In March 1928 the Association held an election to approve
the bonds to construct Stewart Mountaln Dam. The vote
failed tc provide the required three to one ratio necessary
toc authorize the issue. The Producer claimed in its April 1
issue that many sharceholders were "so absolutely confident"”
that the proposition would carry that they neglected tc turn
out and vote. At best, this explanation was only partially
true. The Producer admitted in its June 1 issue that a
"little group of professional agitators,”" had "succeeded in
preventing the polling of the necessary 3 to 1 vote in favor
of the bonds at the March election." *

164144,, 1-3.

17See note 10.

18”Confidence of Success Causes Loss of Stewart
Mountain Election," The Assoclated Arizcna Producer 4 {(April
1, 1928): 4; Victor Steinerger to Hubert Work, February 23,
1928. The Committee of Petitioners did not believe that
Stewart Mountain Dam was hecessary to electrify the valley.
"The Motive Behind the Lawsuits Brought to Prevent the
Stewart Mountain Development?' The Associated Arizcona
Producer 4 (June 1, 1928): 4. After the bonds were approved
" the "agitators" challenged the bond issue on legal grounds.
The legal complaint was dismissed.
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Cbviously Cory's report did undermine the shareholders'
confidence in the Reid and Cragin administration. The bond
election passed after a second vote was taken but only
barely and after twenty-five public meetings were held to
sell the construction preject. On May 8 the shareholders
approved the issue by a five to cone majority. Compared to
the fourteen and twenty to one margins for Mormon Flat and
Horse Mesa, the Stewart Mountain bonds achieved marginal
approval.

Reid resigned immediately in 1930 after the completion of
the Stewart Mountain Dam and power plant, and the
electrification and drainage programs. He was not "forcibly
eliminated" as Cory predicted but stepped down freely.
Consistent criticism against his administration, leveled by
a small but very wvocal minority, undoubtedly took its toll
on Reid and likely contributed to his departure. Cory's
findings alsc helped. It was true, however, that Reid could
credibly insist, as he did, that he had accomplished all his
goals after five terms and ten years in office. He was a
man who sought challenge and diversity. This was true of
him before he joined the Assocliaticon and after he left it.
He may have been a man "disdainful of conciliation" as Cory
characterized, but he knew that he had accomplished what he
and Cragin set ocut to do in 1920. For him it was time to
move on.

With Reid gone it was unlikely that Cragin would remain as
General Superintendent and Chief Englneer. Only as a team
did Reid and Cragin control the Association's management.
Neither could have done it aleone. Reid provided the
political wisdom and savvy and Cragin the techneleogical or
engineering knowledge, skills that are fregquently not
natural partners. Without Reid to control the Assoclation
Board, Cragin's position became highly tenucus.

When the Board replaced Cragin on May 1, 1933 they did sc by
a narrow margin of six to five votes. The spring election
of Board members had finally given Reid’s opponents the
nunmbers to oust his General Superintendent. The complaints
against Cragin had been little different than those made
against Reid. The Asscciation policy ¢f building dams and
expanding its power system was still criticized, _
particularly because drought and the downturn in the copper
industry made the Association's electrical business less
profitable than had been predicted. Additionally, Cragin
was personally attacked for his high salary, which had been
$20,000 annually before it was cut to $12,500 because of the
Depression. Not wasting any time, the new majority
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struck. 19

Association President George W. Mickle began the May 1 Board
meeting by proposing that the members reappoint their legal
advisor John L. Gust. At that point newly-elected member
Rudolph Johnson proposed a resolution that covered all
appointments for the coming year. Johnson read a motion
which replaced all current officers. It was immediately
seconded by John Dobson, the man who had replaced Reid as
president. Since the resclution was completely unexpected
and unprecedented ~ Associlation posts were generally
approved one at a time - President Mickle and members James
Minotto and Obed Lassen pleaded to delay the vote. They
wanted to avoid, what Minotto called "impulsive action."
Mickle also asked Johnson whether those he listed as
replacements were aware that their names were being
submitted, particularly because C. W. Lillywhite, named to
become Assistant General Superintendent, was residing in
California. After Johnson admitted that he had not spoken
to all those he named, a vote was taken to defer Johnson's
motion. It fell short by the same six to five vote.
Johnson, Dobson, T. T. Forman, Hollis Gray, James Wagoner,
and R. K. Wood voted to remove Cragin and his staff.

Mickle, M%Botto Lassen, Clyde Neely, and H. H. Wasser vocted
against.

The new majority acted gquickly because two seats on the
Board were being contested. On the face of the election,
Clyde Neely was reelected over M. T. Schultz and Victor
Ccrbell defeated Hollis Gray. However, it was contended by
Gray and Schultz that in both elections acres were
transferred from corporations to individuals so that the
vote could be manipulated. If Gray and Schultz were seated,
the vote would go seven to four against Cragin. If Neely
and CorEell were seated, Cragin would win out six to

five.

19"Council Threatens to Take Reins of Water Users,
Overrule Governors, Re-employ Discharged Officials,"
Dunbar's Weekly 20 (May 5, 1933): 1, o.

2OIbid.; "Water Users Oust Cragin," Arizona Republic,
May 2, 1933. Johnson answered Mickle's question concerning
Lillywhite and the other individuals named as new officers
by stating that, "they are entitled to accept or reject the
offers."

2l"Council Threatens to Take Reins of Water Users,

. Overrule Governors, Re-employ Discharged Officials," 6;

"Cragin and Mickle Have Edge at the Moment in Battle to
(Footnote Continued)
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Coincident to contesting the board seating was the
Assoclation Council's response to the Board's actions. The
Association Council, consisting of thirty members, serves as
the law-making arm of the Assoclation and meets quarterly to
ratify contracts, call elections, and change by-laws. The
Council was controlled by the Mickle or pro-Cragin
sympathizers. On Tuesday, May 2, Council Chairman H. C.
Armstrong and Council Clerk H. W. Houston called a meesting
for saturday May 6 "for the purpose of revising the by-laws
relating to officers and salaries, abolishing offices22
creating cffices and reducing and fixing salaries."”

Before the Council met, on Wednesday May 3, Lawson dismissed
I. M. Clausen, the last member of Cragin's staff. Clausen
had served as Superintendent of Irrigation since Cragin
appointed him in 1920. Lawson defended his termination of
Clausen when the Beoard convened again on Thursday, May 4.

in a meeting that brought "verbal clashes, hand clapping and
"boos'," according to the Phoenix Gazette, Board Governor
Minotto attacked Lawscon's action because it was conducted
without the Board's wvote. Minotteo was angerad because he
learned of the dismissal through the newspapers and because
""the management of the association'" should not be "out of
the hands of the board and the president." If "I am nothing
but a rubber stamp here," he said, "I am going to protest.”
Lawson defended himself by asserting that his dismissal of
Clausen was In Keeping with the reorganization started by
the Board two days previous. The change was for the purpose
of harmeony and "without harmony,'" Lawson said,zgthe general
superintendent cannot carry out his program."

while the Board would not meet again until May 15, great
anticipation preceded the Council's May 6 session. Valley
newspapers predicted that "Water Users Face New Row Qver -
Cragin,™ and "Water Users Ousters May be Nullified." Whe&d
the Council met, the papers predictions proved accurate. ;

(Footnote Continued)
Control Affairs of Water Users' Association,”" Dunbar's
Weekly 20 (May 12, 1933): 1, 6.

22"Water Users! Council Moves to attack Gowvernors'
Ouster of Five Executives," Arizona Republic, May 3, 1933,
1.

23"Project Qusts I. M. Clausen,'" Arizona Republic, May
4, 1933, 4; "Boos and Cheers in Hall stir Members," Phoenix
Gazette, May 4, 1933, 1. )

. 24"Water Users Face New Row Over Cragin," Phoenix
Gazette, May 5, 1933, 1l; "Water Users Ousters May Be
Nullified," Arizona Republic, May 6, 19833, 1.
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In a meeting overseen by elght police cfficers and easily
characterized as acrimonious, the Council not only struck
down the Board's actions but passed several additional
by-law amendments and resolutions which restructured the
Association's management. The Council moved, by a generally
consistent majority vote of twenty-one to eight, to appoint
Cragin to a newly-created position of Project Manager,
abolish the offices of Assistant General Superintendent and
Assistant Secretary, set the salary ©f the General
Superintendent and Chief Engineer at not to exceed $1,000
per vear, and prohibit the hiring or firing of an employee
without the approval of the Board, President and Council.
Several of the Coggcil's actions passed over the objection
of legal advice.

After the Council reinstated Cragin, the Council minority,
led by C. T. Thompson, petitioned the Mariceopa County
Superior Court to prohibit Cragin from assuming his previous
duties with the Association. ©On Monday, May 8, Judge M. T.
Phelps issued a restraining order enjeining Cragin from
doing so. Phelps' order Was only temporary; he scheduled a
full hearing for May 15.

More important to Cragin's fate than the Council's action
and Phelps' injunction was whether Corbell and Neely, Cragin
supporters, would be seated on the Board. When the Board
met on May 15, Judge Phelps' temporary restraining order
preventing the Board from declaring the results of the two
contested elections had been dissolved by Judge Howard
Spearman. Acting on Spearman's ruling, Mickle attempted to
seat Corbell and Neely. However, he met immediate
opposition from Dobson and Johnson. They asked that the
ballots be canvassed. After several hours of argument the
ballots were recounted. During the recount, Schultz

" produced several signed affidavits from shareholders who
swore that they had voted land they did not own. Neely had
no defense, or at least no affidavits of his own, so the

_ 25”Cragin Quster Nullified, By-Laws Amended by
Council,” Arizona Republic, May 7, 1933 1, 5; "Give Cragin
Job as Project Manager, New Post Created After Recent .
Quster,'" Phoenix Gazette, May 6, 1933, 1, 3. The Council
also passed actions to provide itself with approval -
authority for sales and rentals of Associatlon property, and
for Council authority to limit Board authority in making
contracts.

26”Cragin and Mickle Have Edge At the Moment in Battle
to Control Affairs of Water Users' Association," 6; "Court
Bars Cragin From Job, Usurping of Power Charged in Action,"
Phoenix Garzette, May 8, 1933, 1, 5.
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recount went to Schultz. Dobson and his new majority
declared Schultz the victor and he was seated. The Dobson
faction also quickly voted to appoint a committee to
investigate the Corbell-Gray contest. The men appointed to
make the investigatioB7 Wood, Johnson and Wasser, were all
aligned with Dobson.

When Schultz was seated the Board fight was over. Dobson
had his six vote majority: himself, Johnson, Forman, Wood,
Wagoner, and now Schultz. Mickle only had Lassen, Wasser,
Minotto, and Corbell, if Gray did not replace him. when the
Dobson majority picked its own men to investigate the
Corbell and Gray election, the outcome was obvious. Gray
was seated. The bobson faction added another votggwhich
made a seven to four majority in Dobson's favor.

For Cragin, the seating of Schultz ended his career with the
Association. Even if the courts were to uphold the
Council's action to appoint him project manager, he would
likely be removed immediately by the Board. Certainly the
Council might object again but this would result2§n more
court action serving neither group's interests.

The County Superior Court did not uphold Cragin's
appointment as Project Manager. 1In a decision rendered by
Judge P. A. Sawyer on June 26, 1933, the court ruled that
the Council had acted "ultra wvires" or beyond the scope of
its powers as defined by the Assoclation's Articles of
Incorporation. For Cragin, however, the court's ruling was
only academic. He could not return without the Board's

27"Dobson Faction Gains Ally in Water Users as Schultz
is Seated," Arizona Republic, May 16, 1923, 1, 4. Schultz
produced affidavits claiming that 423 acres or votes were
illegally cast. This changed the election result to 5,676
votes for Schultz and 5,564 for Neely.

28"Dobson Faction Gains Ally in Water Users As Schultz
is Seated," 4.

29‘I‘he Cragin hearing was postponed until the end of May
and a change of venue was made in the case. It was heard by
Navajo County Superior Judge P. A. Sawyer from Holbrook,
Arizona. According to the newspaper account, Judge Sawyer
stated that he would deliver his ruling in the case by mail.
"Cragin Quster Case is Argued,'" Arizona Republic, June 2,
1933, 3, cCc-1.
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support even if the court approved his appointmegB. With no
options remaining, Cragin left the Asscociation.

Soon after the events of May and June 1933, Cragin accepted
a position as Vice President and Assistant General Manager
of E1 Paso Natural Gas of El Paso, Texas. Cragin was hired
by El1 Pasc President Paul Kayser who knew Cragin's
reputation as an experienced executive and engineer in the
utility field. ZKayser alsco knew that Cragin understood the
attractive Arizona power market. Knowing Cragin's
reputation as a tremendously driven construction man, XKayser
concluded that with Cragin, El Paso's chances for success in
Arizona were great.

Kayser's opinion of Cragin proved correct. Before the end
of 1933 Cragin expanded El Paso's operations into Arizona
completing a 217 mile pipeline from Texas to Tucson. Two
months later El1 Pasc's lines reached Phoenix. In 1935
Cragin was running a pipeline from Casa Grande, between
Tucson and Phoenix, and to Superior toc feed the Magma Copper
Company. By the end of that vear he had also expanded
service into Coolidge and Florence, towns southeast of
Phoenix, and into Ajo, southwest of the Valley. During
World War II El Paso's growth slowed, due in part to the
loss of employees to the military services. After the war
Cragin and Kayser expanded again, this time into the
phenomenally growing Southern California communities.

What Cragin did for the Water Users' Assoclation he did for
E1l Paso but in a much bigger way. When he retired from the
natural gas company in 1953 at approximately the age of
seventy, the twenty-five year old business had grown from a
$10 million companglwhen Cragin joined it in 1933 to one
worth $1 billion.

There is no doubt that Charles Calhoun Cragin was
exceedingly driven, fervently devoted, strong willed, and
visionary, perhaps to a fault. His talents led him to
assess masterfully the potential of the Association (and El1
Paso) and develop it tirelessly. He saw the Water Users'
Association, as his son George stated, as an organization

3OC. T. Thompson v. C. C. Cragin and Salt River Valley.
Water Users' Association,'" June 27, 1933, 1-4, Maricopa
County Superior Court, Docket Number 39198-C.

31Correspondence with John H. McFall, Director, Public
Relations, El1 Paso Natural Gas Company, August 1988; "New
_York University Honors C. C. Cragin," El Paso Herald Post,
January 12, 1955, 1, 3. "Career of C. C. Cragin was Tops in
Industry,”" El Paso Herald Post, October 8, 1962.
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much greater than, "a group of fﬂgmers . +« . worrying [only]
about the water to their crop." Cragin saw an industry
which could not only farm the entire Phoenix Valley but
electrify it as well. Unfortunately, Cragin (and Reid) did
not do enough to convince others of this and subsequently
not everyone recognized his skill or understood his
compulsion. Consequently, the Association thanklessly
removed f£rom office the man who transformed the Association
enabling it to become a major municipal utility.

In 1962 Charles Cragin died in El Pasoc. His last wish was
for his ashes to be dispersed over his favorite place,
Mormon Flat Lake. This was a fitting conclusion to the
man's life.

32Interview with George Cragin, 1-42.
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Appendix I
Chronclogy of Events

Assoclation Hydroelectric Expansion Program

DATE
February 19822
July 1922

March 1923
April 19823

March 1924
June 1924

June 1924
April 1925
June 1925
May 1926
May 1926

April 1927
October 1927

March 1930

EVENT

Cragin report issued.

U.S. approves hydroelectric expansion
program.

Upgrades at Roosevelt Dam completed.
Preliminary work at Mormon Flat begun.

First concrete poured at Mormon Flat.
Agreement with Inspiration for Horse
Mesa power.

Preliminary work at Horse Mesa begun.

Mormon Flat Dam completed.
Agreement with CALAPCO for Mormon Flat
power .

Mormon Flat Power Plant completed.
First concrete poured at Horse Mesa.

Horse Mesa Power Plant put in service.
Horse Mesa Dam completed,

Stewart Mountain Dam completed.
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Appendix II
Mormon Flat Dam, Plan and Sections.
{Source: U.S. Department of the Interior.
Water and Power Resources Service,
Proiect Data, 1981.
Denver: Government Printing Office, 1981.)
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Appendix III
Horse Mesa Dam and Powerplant, Plan and Sections.
(Source: U.S. Department of the Interior.
Water and Power Resources Service,
Project Data, 19381.
Denver: Government Printing Office, 1981.)
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Appendix IV
A Compariscon of Arch Dams
{Source: Figure 3-~2 in, Kollgaard, Eric B.,
and Chadwick, Wallace L., Development of
Dam Engineering in the United States.
New York: Pergamon Press, 1988.)
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A Comparlson ¢f Arch Dams

Date Vo lume Cre=t He ight Thickness

Length Dase TeD

{cy) o {fEE) (£t) {ft) (ft)

E2ar Valley 1834 3,000 450 £ 4 22 3

Sweetwater 13338 13,750 350 93 46 12

La Grange 1893 39,500 336 131 79.5 24
Upper Ctay 1401 3,700 330 89 14 4
Laka Chessnan 1905 103,608 £70 227 174 13
rPathfinder 1989 65,700 432 214 97 19.9
Buffaleg Bill 1220 gzi,9Cn 210 32¢% 102 1a
Roas2ave lt 1311 355,880 Vi3 239 134 15
Salmon Cresk 1914 S4,000 643 173 47.¢ £
Lake Spaulding 1919 189, 300 g0¢ 276 94 1z
Mormon Flat 1925 42,980 380 142 20 8
Stevenson Czeeak 1926 370 140 60 7.5 pA
Horse Mesa 1927 150,000 660 305 43~-57 8
Paceima 1929 225,140 640 372 150 10,
Gibzon 1929 167,543 560 199 117 13
Cwyhe= 1322 537,500 823 417 255 30
Hover 1935 4,400,000 1,244 25 650 4%
Parkex 1938 388,800 654 328 1350 39
Raoss 1949 909,200 1,308 540 2038 33

Hungry Hoz: 1353 3,085,200 2,115 o4 330 -39

L
1]
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Appendix V
Regervoir Staorage
Mormon Flat Dam
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Appendix VI
Hydroelectric Power Generation
Mormon Flat Dam Power Plant



Mormon Flat Dam
HAER No. AZ-14

140

9861 9/61 9961 9661 9v61 9¢6l 9261

| TR NS T A I B SRS A S ST I T A A U AU UT NN A DR AT IR S T A AU I OV S U IR B AN DU B T BT T A RO A AE AT T BN A I AT A ol
g o
— Ot
— QG

{

— 001

=

\=B
£1

—

— 0Ll

i . - QCt
— 0Fl
— O

— 0G|

091}
INYId d3M0d WYQ LV1d NOWHONW

NOILVHANAD J3M0Od DI 104 T4040AH

(suoiuw)
SHNOH LLYMO UM



Mormon Flat Dam
HAER No. AZ-14
141

Appendix VIIT
Reservolr Storage
Horse Mesa Dam
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Appendix VIII
Hydroelectric Power Generation
Horse Mesa Dam Power Plant
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